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Introduction 4«aJJL_l 1.1 

4_jjlltl ?mK\| i_ J^_» ^^3 aj-a <Jj^/ lAuja^j cljJUaJ^Jj 4_afLjj-a"^l oA_>2<— I ClsL/^aJI i**i<oVi ml 

\c Igjljl^/ <J-aLi3l jLa.jj| A-\ 1ml j-a l^i—ajj ulj^ 4-aja«a 4AjAa> ^i^ '*JJ c -|j ^^Jjoil 1991^-1^ 

eJA '*'<"« -ial cljjlxajS 4-aUlj <*AJI (Depleted Uranium) ^n mall j\ i_iuJala.il ajjjjjjjll a^U 

^$_i_VI Ala IajLI i " iq m^*i ■^-JJJJJ AajLoul <Jjl£ i_u__jj (jjjJXallj jjjjfLoutJI j-a k—iVVL 4 -s L hV I 
. (J-alSJL lAjiJtJ -il*jl -A*J A——— aJ jlj l^la .Jj)-a]| ' ' a '*^*U u)ji Lj SH-) - -^ «^*J _Aj*^ ' 

( 99.28% U 238 , 0.72% U 235 , ^SfL. ^a ,,-s*--' ^1^ :b£U__l SjijJI jl 

(^gjujl-l ajjjjjjjll jxs (^ujjJI (jjill (jjj s)jSjj aM Ja$j U Ja^I j' ^ c - -0.006% U ) 
(99.8 % U 238 , J&\£ s-M-SI jJuj i.i.ViUti ^bj^ 1 cr^ '^Uaill Sjajll Jjja jA ■ .i.v^Ij 
U_li_l J ^Jl j^ i.„muSI 6 1a j> < LS-JI jl jj___I _j\i ___10.2 % U 235 , 0.001 % U 234 ) 

.(who, 2001) D U ^Ju-alajl ajjjjjjjl Je (Jjlao <<9__Jua«jI 

aJ i—L—alail ajJJrijjll pj__aj-a jli i—J^aJl lillj <j-lc- Cllljlai jjifc ,—iJa-a j-a a£jJI /j-lc-J 
a^iilj-ail JJC-j ajoilxail «j\__I (jc- LjK i—iliill t '< — _ jVI ^j-x*. ajj aJa n—ijlh<\\l aLajA^/L — — — J 
jU AjJalail (-3 (jjjj), 1 <\ll (j»a a£JJ j-a 4-aJj . IgJC- a^lill Clljlill .MjcjIj ajJJTjjjll ojJ^-i al— — ImV 
4 Alia— La-a (jjiflxll ,g-lc- (J > ■tn La 4 qj'q^ ls^ C& a— _) jjL—aljJj LaLaJ Clljjjll j-a 4_uLk aJkX/L) 
<Jjlfl3l ??JUil <LaUj <joi|jJ lAA llajJ <__— _>?^ P-ij 'f^L? 1 ^ (g^ ■ — Jl u;q*lmrtilj (^J*-" 1 ^— ' ' ■^ >lft 
<-aJ (jl_J plf—uVI jj*J _»— II ^yoVI l^J-a AaJl <-aj^UI CllU|^. , ^l __jj ajj (J>sl£laj _;_a. jaj ^^ic 
a£jJI /j-lc-J '*'^^ La JjA (j-a a£jJI zj-lc- (jjllalj-ail 4J (j^)*jj La <jUi. (jj^-aaia ^/LaAlj ^aAUvj 
.i£jj 4^alA ^J-alfc 4aj|jjx l1iLoi|j^1 4_Ujl ^Luj 4-ajfcAaJI (jj i ^"^ «\llj ?.Lai*JI (j-a ^J^*JI l1)^)J.j^j (j-a 
ajaiu-ail JJC-J o^luu-ail LAjUl (J_u_ui LaJJj ^(JUvil lLv?^' *V^J *— * — a cs"^" Jl^^ 3 ^' J' ' — — il (»-ic- 

.^USI JLJtfl Jl 

Cliuliill (j-a jA ajJJrjjJl (j-a pj-lll I^A ju (jjj'i* t\\ f-\j^Ll\j f.Lai*JI j-a AjAuI A^l Ail 
<jjj^.^ jUviil AJc- Ajjj ^1 UJU-ajS aLoij x „ uj rt jAj tajaJrjjjll ijji ^■^"i 4 jl «\r. jc A^jlill 4jj_aill 
Clij^),,, Mir. (—Jl 4acl*_iil 4,. «\jr. <J__i ls-^" U-^ljJ Aj<— j— II iLil_J La^jjla ca^_u£ 4_jS|jli.Lj j. j ajj ' ill 
j-aSj i—L—alail aaaJrjjjll o>J^.^ al__J ml <L_aa-a jl AjjfLiomJIj A_ia1*JI jJjlilll AjSjj . Clljjlaj n^ll 
4_jj1Hj ajJJrjjJl Ja^Xli.1 jjC- A_a^.llll ClljJllI jLiI (J_ ujj *-— U_ jj'l mil jjJ^A-ai LAjUl jjj«uml ^-3 
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(., «\. i oil ,, ■> i >ijjil\ ^JJ^/I g-lJJJ iiiuS . (JaSj m^il !__2 j g Hj _^i.^M (j >r> J llj ,_jl lg Jaau A jnj A_jjl£ 
.<£^ca1I (_yaj$ ^&[)*^\ AjtljW jjlajj <xjoiLj Llll^Laus ^ JaJUJ <U2jaJI sUaIIj 7~\^\ 

l^»jAuij > t unioH ajoJIjjj^I S^iij pbuujb d^lUI 2.1 

ajjJrjjjJU 4 <\T hrtllj pjj^i] ojl i >ye\\\ <— SJl^alL aj -^ g \\ ClLiJaj*J <~JJI (JjlaliiU] Ajj^aax 4JajUa> (j£. 

cUaj] (J]>*JI j-* J^ ^j^ (Christian Science Monitor) S^jja. IgjjJiJ ^l <JajUJI s!a 

A jjgjjjl A_L^)1I Jjia. slajlj Sjj-ojII l_ Ijia. JjIalLa Qx Jjaj ij .(Fahey, 2000) AjJjxjoJIj CjjjfUl 
^)ia> ^aJaJx jjc IJjxj (JLuiul ( -l\ A-9J (_5^1l 7?J>^ ^J-* (j- 4 4JC- Jj-aJ aJ 4_pj*jaJI Jj^i. ,_3| ^/jj^aj 

i-jj^. ^jlj-al ^j^a^iil j£j-all ?.|>fi. Aalil A3j cLgjS > -i > Ji'ioll ajjjjjjjl <— kjlial »lilaJl Clilja aljajuml 
aJ p-frfz 4JajtaJI ( _*jJalj ((jjajjailj ( _3 ( _^IAaj| (jJJjLa-ail (j-u Clllc-j «\-^ a n ><j j-^J- 4 _?^j) W^' 
Clllj_a]| J_j3 (j_x> aj_lSr)jj]| <_Sj|!li tj£kja\ A-Slj-aj (_gj-il A_j£jj-«I A_CjJ-a ^J_>3 A_slj-<i L^j3 Ijxa-JaJ 

cjIcU^V IjuJaj.u t_jjU^ UJl 400>^J J 1998 f U ^i jJel xa j4>*ll jl^j .^jjlkj^ll 

4JajliJI (jlj C^j^Jj-a^l (jjC-llijll ^ji rcjiiJI 4-lJ^- lt _ya\)£-\ i ■ u£ ft a-uilj ^^JaLill (-jpfclj ajajljjjl 

.(Al-Azzawi etal, 1999) i.nnnll ^bj^ 1 J 1 ^ 1 t 51 ^ 

qC Jaia ( '< uSj aJ ^yjll 4_uIjja3I ^jq^ isy\\ jjjlijll Lll|jjic.j <jj£jo»*JIj 4_nJallj A_iAl*JI ClLuiljjJIj 
jj^a <jjli. La] A^jJalj dl|jjl^<i Cluafcl J-J '4^>^' '(PJJ '" c^ ^ ^J i aa I) Ajjoiuil ^LajiJlj jLs^JI 

CjLjjJa (jl_J A^Jj jjjUjII (jl Vj tlj; ni'i (jlfLjajl 4-Lls t 3iaLL<i ,_j-Aj 4j^j*-jo»1Ij CIljjSJIj jl^jtll 

CJjAi j-a^/l t5-il-J ^^.ia cj-sXaII 1 gW^ J-*^ Ci£ijl Laj 0>;uS dlLo-a^J 4_aS|j14 is^J '"'JT'^J , 
( _ r a aLoJIj *_iLall ajOJljjJI (j-a (jVI -^aJ lila 40 J^J Ciila l^jljS (jl Aj^JJ-a^l 4jjSjo»*JI J^l t^\t\\\ 
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t3^jjJI j£>«j (Greenpeace) ^a^VI j»XJI ^aiala ^ <_£ hj-^ Uiu < (Busby, 2001) 



Summary of the Offensive Ground Campaign 
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laluS 28 yJ] 24 <j-4 S>iilS (f l>a— all U^alc) 3_u&l guJaJ t^p. i^ULae j-uajj (1-1) AJ=u>JI 

.(Fahey, 2000) 1991 

xAj. «>!» (700-800) 6_c J_£ V 4_*£1. oL_j (Stichting LAKA) ^^-ji^^JI 

jlj^U IfrLajj CjJafc 13 <jftja]| CjLiasJI Igjlfr CJjja. ^1 t_J>aJI 4ji.Law> jL (2003 t^sjIjiJI) 
(j-a S)JjSj| CllLiA^Jl (jl (-JI (_£jj_jll L-jJalu j_likj ( . UjJa J-&J (J^J^J-^ijIJ^ *^J ''CaljuJlj Ajl uJaJI 
Jjtajj (Jl^jjul <_>ajl Lr^" ■^JJJJ CliLailSjul I «VX I3J (jjiiui (Jjj^aJI ,ji l1>£jj (Jill t _ u A-> *i U ajjjjjjjll 
4_pj*_ia»]lj l1uj£JI (_j <%, >'rr*n (Jlxa^M dilLs ,_lj (JaliLai 6jul (jli s.\)~* 1 all jL^ 4-«j*Jj ^" <tJJJ1 4£^a> 
«CaJaJ nioll i _) ..Viml! aj_ij|j)jj]| <-J-aSJ ■Oj^j^aJ ^j-S (jja 300 p-2j J-aIcI i*i -sUll (jl l,„ *\r. J-iaSj 

.(Fahey, 2000) 
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jjjjl JjIaLLail ^^2 i_jjjaJI s-Lgjjl .laj CiJj^l ^g-iW tliLoijj^ll CIlIjjI Ail 

U*_jja 30 jx. ajjj L« (j I 270 mrad I ZiCutL ^UJi^l -LL&3I <fjo»j jl cS^IaII s^klll 

(a-JC <*joiUu JjlaLla UJ^. La _aAj 4_jj_jjll <&U i «ajl ,-3 (jjLaLaul 4_y| (j^aj*jj jjl (jfLaJ La -^ i a33i 
aUuVlj <-aJaa«a]| 4aL oU 4 aJJU UcU-juil AJaJjJoJj <Jjla Ajjj ,—JI Clljjiajjj£j| Cllllaj CjI^jujC- A*j 

A jjU/u£J| Clil jjLailj Sj aJjuaJI j jc-j Sj a iJ <ul ,_gj i.^1 ajJ^J Jlj 

(_jjS31 jj A J%*JI 0^ ^all ^ 9 jjl Jlallj UfcU £j Ja iill ^1 Sjll j fc ^ ^ai 

p_LJ^L AjjLail (>aliiSn Jljp Uj .(Saleh and Meqwar, 1995) <jjjj^1j ^pj*^»3l ±j±=>1\ t> 

(jj-ajiij Up-a 4-JjS-a /j-^ tjJ- f -L pUjjVI (JlHa^l (j»a JjiMlj aj i nlll UJA-J f \)"*- ' "*" /j^ 4-aSjjia 
(j|>*JI i-_ljja> Jjlalla JUa As Clljjjll q\ ^Jj jjjlijll (j-a AjAxH CJjLil Ail . Lgjl)=J LAL liLSiGj 
4_iJ *JJljjl I-1& <JLr^j .ej-LxaJI i_Xi ^Vi<\ll ajjjjjjjl £}J^ jLiu 4_ij^*JI ej^au^ailj 4-pjr i A\j Cjjjflllj 
4_uuai^-a Cj^£.i ^1 . Cllj nil 4_jj|.liJI ^Ij_a1| x .)*>•> J oLa-ailj A_j^j_Hi) (j^ajju ,_3I t_LJU>l ej^xLj frLaJC- 

Laxajou ljjjaJI J&\ AuSSj ^JJI * (J Jai3l CjjJI t> aj^JI pjill jj" rLAjL (Stichting LAKA) 

<U_ii JJC- L_ SjJgJI ,_2 J-aJjauiil 1 J i VlrtH ajjJTjjjll JUC (j»a jjja 800 -J J-^ La j «\ ujj ?OjUll ,_3 
"A-nUI C1l)K mil ^ Ijja. 4ijj*»a 4 \\nr\\ s!a J*t>^ c?*^ JvJ*lii)rtll ^ a-ifr -ijaaJ 4jjj*JI S^J^aJI 

.(Busby, 2001) 

t>a A_ijUaJ^]| pUiJI Sjjjj CjjJLa. X3 (UKAEA) 4_jjUa£>jll 4_jjill AjUall 4_jjA Cjjl^j 
(JtiJaS/l jjLj i -j\ (j^aLi. j*\ mi j o}^)* 4 7? 2 '"^ '' l -^^> :i ■ LS" 3 ' • ' ' ^*' <> '' PJtHIjJ^' iH^ 1 ^ ■* ^^ , '*' " A,„\ii,<n 
(j-a ftl_ja> b^^-a (jUajjojll ^J i _lj uOui (_$illj <al)aJ m (_giJI aLojll jljiJI JJC- IjjS |jjlj f-LuwVlj 
JL*JI liLSi A£l Aij .1 iJaj) LjaJI jjj Llj tjjiil liLlljlj AjjX oil Cll^ -NT II j-a t_Jja]Lj UJ-f*^ 

bjla. aa U£" :<1JL ^jjiil p_UJiyij AjcUJi^l 4iLUI cjUvjL jjjjJI iil>lS J^j La ^Lk^ll 

AJu JJJU ^—11 Igjl uJILoil (_5-iJJ -il c<*_iLa o^LaS aoJJrjjjll 4_ul*ij ajj h-s (j-a A_iJUaJ^ul 4-a_oiaj| 
(j-a ^>J^I UjLuS LiJU ajjjljjjil jju 4_jLjj1I ^-3 U-la^jj .a^Lail lillJ Clllc.U_ill i . IJ ujJ (JjjjjJI |_«-ic- 
"jj/nKu Ajtlu AjJU-ajS CllLL-^al i"),hj ajjjjjijjl JUC- (j-a 4aal£ <J-a^ JjuulLaili UfcLtill LjJU 4jjS 

•(Lopez, 2000) 

<j«jL1I (Defense Nuclear Agency) pliiU <jjjjJI <JISjJI cji^jcl c"^ji=JI t_j>a. 4-ajMla" 
<ilL J£ t> ffcjJI ^j .(Fahey, 2000) "^j 5 ^^» <*^M ^l^l-VI Luk" :<Sjli Oj^^ 
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j-a Jjja^/Ull jj-Isuj (jjJaLiall liLSj (jlS-ui A_ujjj eliiaJI Clsljii ClsLajfLa>j <jS|^*JI <-ajfLaJI ajj aJ 
jJalk-a j-a LsjaC (joiJaljAll JJ-i^J liijJSj 4jjLall Jjlallail (ill] ^ji ^jojIjaIIj jIL^/I 1 _ S &-JJ \c-\jj^\ 

Qjja.yi jl£ L<uaj .pUJ^L Ajjlail (JLUaSI lillll <jc.rjjll Ju^Kallj 4_uliiJI cjUaiall JjUj 

jjA_a£ (iLu t q uj£ .199 . CllLaj^SI (illj j-a U^a^a>j HIS JJ^I > J ■ >i*l^\) ajjjjjjjll al-laJ ml jJaUs-aJ 

ajjjjjjJI j-a (_jiSj I-* -^j^j <_j-Sj j^y c5-^b (UKAEA) 4a*jJaj ^jjl ijj^\ jifi^ CP- 4-iIajM 
(Al-Azzawi "4.«vnn jj^l-a * a^aj '"^(SJ U' J""'^J ^ ' . '.i'"J^ iji)*^ crii^J L - yj-^' cs^ 'J' ^'"Sl 

liLjjt u£& Jl t(jLill li$j l^i^j 1992 <Lu! >uLj <ilj>JjJJ ^irs^a tj^s.jj .efa/., 1999) 

(ilaSJ ul>J >-<• 4_jSj^oVi (»J-^bj^' *— '^'-^ 4"4 ij'" "-^-9 4_xaixJl jj3-"uu (j^xj^xiiall juij^ mj& 

jAj jjjjc- cluuj jA cjjiijjai jjj^^II jjjouajjJI jl£j .(CHR, 2000) "(juSj^tJI JliLVI rljjL 

(jl£joi ^5^ > -1 iJaLajl ajjjjjjjjll Cllila fl jJaU»«a 4j.la> ^j 4j£>lc. jLuil j-a <Jjl (J^ 3 ' ' .U.'Kj P^£- 

.(Fahey, 2000) iji>*]l je- X-^9 cjjjSJIj Aj^jxjJI ^i Lu^ Vj 4lLia]| 

<u] jjjjai'i I eljjjAll 4-allc. CAj <^j Aa9 csjiaLk-a j-a IjjA^j s-LaltJI 4u]| 4jj La ^1*2 (_L-oa.j 
a^jjjo 4_jL>c 4_jfLjx'VI CliUaLuJI I'n'ir. jju" IClillaj ejjja^allj 4_P^I grjKti ujj^. l -^- 1 j^-4i^ j^J& 
.ijJuaJI j-a (_aWI jl 4jjfLa!C. <_£jaI JJjliJ Cl J.l£l L<u9 c(2003 C(_$JaLa]| ) "Sjjja-all a=>^. eli^Li 
(ilJj jl J^l_j^a-all LUj.lij . LgJ (j^ajjull 4 aujj jl <— Sjl-lJill (jj JJJ o^-illxa a^Cj_^a-a lj_al (jjja|jjtll 

4 aJJJ (jij^- (_Uia * aJt 50 s-Uj CJj-a 1991 AJjoi J-a ^Jj^/I A_pLaj]| J^-uiVl jji '"n.i"' JjLiiSI 

4_lli.U (j^a|j»alj A_u£ll j^-J (juajjJl Lgj-a 4 qh-s n ^j^ja) I ^ V. ( " 1 «\-^ j 4 qh-s ^ (jja|^alj a^ljU^al 

^i aj^cU^j SjUj ^Jj (j±\ liA oj .(Saleh and Meqwar, 1995) II?L* <ijj«-a ^£2 ^1 ^j^l 

Llilcbt-iiu ^jIjjuI i—ijJui. (j-a <Ot iLuJ CliLi.Ljaui ClijJjl A aJjJ 4 qn-s ^1) A^UajjaJI LliuLj^a , ^l 4 j mj 

(jlisjjaij 4_jjU-ajlll JXiJl ClluLj^al JLa-a ^—2 <j^aLijj (jjjj^ umJl (JJJ 1 «\J i hV ( -1 i A->*1 o\) aj-ijljjjjll 
<L<JI ^^ sJjjjlall 41&I Jjjs. CJ^/lLa AJmlm 1999 fie ("djilJApiVI" AJta^a CJjJiJ AaS.^I 
IaAcI JJjliJ cs^" s-^J*- 4 ' . '■ iaJuaJl ajOJrijJl <— SjI^S al^iajailj jl^til (^i (jUajjoJI (J^aj-a /j-">Sj (jjj 
L-Li ^>'1<\1) ajJJrjjjllj ClljJjll jju ?j-a]| 4x.Ua (j-a S\j La-a p_4jJa_aA]| I^J (jj^u^-ailj eLalul (j-a Jj^*JI 

.(CHR, 2000) cjjjSII t> ^l>l jc SLifl JI^JI ^ o^^l <J«-j ^l J^ 

jUak^lj jl^jJa^l JL*j| ?r i aJJ (jl JjS j-aJ (—Sjjoi 4jjjJa Cllljijai jju AS^ail (j-a ?r J i ^)j 
jjjtljjj jj_^aii«a]|j f.Ual*JI jlj 1 «\J i hV ^—Jjsul ?tj laJI 4_ilaxaj CllJj£ll ^^3 4 jgjjl Cluu-^al ^^111 

j^l_i UJ i^'l<\\l a,j_jj|;jjll a^_ja>.i ij- 1 - ^jL-jll (gC-U ""VI Cllj_llll jl— J jjJ_S^<a aJafcl jJal_i«a 

4 iui jl jLa 4 ^J^i i J^ SJ Sj jil l^ JjL u jJI (j; iJaj;VI u 9 f.\ LSI ^ Sfc 
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j^l ia.lj l-luL >Aj j£jta Oj^ ji&-^ tij^UI <Ula La Jjtlj .(Al-Azzawi etal., 1999) 

(-2 Clljllll ulauJa &^C.!m<\l A\r t\-\ JJ^Jj Clsjlill 4ja*alfLai B^aJuajl a-a^M Tj-alj^J ,-i jjjlnll jjii.u3l 
4_ti.u]| j-a A <\W\t\\\ oAA ,-3 Clljjjll jUiuJu |jjIj jj^VI jjjjfliiai jLaC.^/1 ,—lajaijxa jjl qa CaJlaJI 
4_p^3l CjIAj-muJIj 4ajUajjaj| dlLL^a^/ I jl 4_j^al=oj AJtlL aJ"^J LT^" L$J ^*U ^^ ^-^b^_^^' 
. jK mil j_a <_iWI CllLla jVI ^aJ CjJUa .12 jj^XaII ajajjjjjlj Clljjjll (jC 4_a^.li]| Clsla2j]|j 
■llumVbj <JJjlHI U^UjIj AaLiLowiilj 4JAJ^I 4jjItsJIj ^j^.^IIj 4 nnll ^laU^l! -,->^l <La l£jj4$ 
1 -U.'Kj i*^-*^ '^-t l J ajj^^ 77-jl-ii («jj AaL^ajl (_$b)JtJI j-i La|^.I Sjj^C- 4_ij|jj-<i dlLai|j^j Cls_o=o ^gjj 
jbjjJa^l iy> ^jJc- <_ajijil (j!>*JI (_gj <iufLaj 4jtjoilj CiLuJp *b?>V ^ a ^ 4 CjI*Ioj J^jc- JU^aVI 

(Fahey, JLilaVI 4_j^ali».j jjji,l <JI jlfLojll t£ Jc aj-jjlljjll 0>J=».i ahVl ml lg n m t5 Ji3l A_JjAjll 

.2000) 

jjiialj»a]| <-_fi^lj CllaJ <_Jill 4 <\J i ii-s II jj^jJa^l j£. (jjj^illj (jjA^jall (j-a jjj^JI jSjJ -i*Jj 

^^2 JtLuiVI LajLi (_gjlA i -1 i^-i'l«\ll ajjjljjjil jIjI A-joi^ jl-^}- 4 cr 3 (J^-*^-*-^ '-ri)*-^ -^ 'dy^|>*^ 

4_r?J J_J 1999 aIc- jaIjI ^i tA_aj_ojll pljjjallj A /n ill AjoiJd^SI ^i dt^UI ^jj (j-Jj-^j f 1;*;<M 

jji-31 (J^al ■*> mV I *_Xa^J 5_uL <-jlcj JJ2j-JJ 1 rtgUI j_fr ^jjl—JaJ^jll jL-a]_^I3 4_*jlall pU^JI 
Ig-a^j La£ sjUjI <_L£ j-a 4Jaja«a]| jSLa'VI 4 jq'n ej)jj_iJaJ LuUaj i _i i ^>'i«\ll ajaJriJ^' JJJUJ Ij-Ja^su 
L_l Jala] I a j ^b_fc^ 1 — SJl-i 3 ^l-^ Vunl jJa aj I- I 3 *' 

.(Al-Azzawi eta/., 1999) 

jjj uaJ (j i) La n jJ^-aj (-JUaJ^ul (-joiUjaJI ~n mJjU JJ-iJI Ix-J (_gjLaj| Ajtl) x_ila-a (j-2j 
1 SjflAJ cgj»lm l^jl bj^ O^ U^ tP' ^^i^' <-aj^aJI 4 (CAABU) ^UaJ^JI ^JJ*^' ^1^1 
(_gjji.l (jIaL A-a (jjlaaiu v-*JJJ ' . ) ' «aj*ajl aaJJrjJ^' ■* ^^"' " Q^ ^-A^UjI CllbjiJull (—3 y-^J X»U 
<Lala«a <£)lc- Ajl ^gi lijS-i ISjiaJ AjaIIxII <ta i ^ill <-aJala «L-a (jjUalL (_gJso (jlj sJaJuajl LllL'^allS 
4_liLLj^ul Cllljill (jA (j-a i Ju >>'l«\ll ajOJbj^' ■* ^^■"''"'j gcjlajl 4AJala ^-i (jliajjaJI (J^aj-a /j-"^ CfcH 
CliAc-j (_jiJI ( _ 5 3vLi.^l .ixfll <aJUa£)jll 4j2kjLiJI ^mljnill ^li/i (jl IgjLi (j^i s^£ Sjiaa. q\j IjS^- 4 
4ajLiajja»ll ( j^ab)-a'VI jl i*Vil (jjj 4jj^all (j£. i " iq ui^ ^^lll j^U^a-ail qa Jj^*JI ^jl jjj "' < "CajiaJI <J 
ajjjj (jl j-a Ajb*" 1 ' "I Vl nnju (_$-1jI -12j .(2003 t(_g^M 9oll) i -1 i A— >*i oU aj-pbj^' *^}^^ al^aj mlj 
al^aJ ml dlbyjllj jjVI >1aJ 4-ala j^t. Cjjj_il J^K sJj mil 4_iiUa£)fll <-a_a£aJI ^^3 <xaJl*JI A j«\nll 
^aljll l _ s k jJAJ" :<Ij13 Aj aJLoij ^^i ajJJjJI Cliapclj .( JuJaLaJI a.jjj|;j^' (V* 1 L5J^-^ cs-^' <admV I 
aJc S/j i _) i^'^ll ajjJbj^W W-^jJj L - 'Alj L5-^' (__ij|Aall 4j~> i^ill ClibyjLill ^ji tllUvjl 4jl <_gj^J V 
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4_j£jjxVI Ajj^ i dt II dilj-ill aljaJ ml (JjAj aJ Jj mjjtj JJ-JI (jl £ «j ("ClsLco^l oXA <J-J-aJ LiJ 

Ajtjoiljil 4_ibVI JpajaiJj A ^aujJajlj 4_jj_iiuil 4-lnll (Jj^J ^-^i)^ ' " 1 " '"" cff^'J y^"^' 6 ^J *S^Loj^uIj 

^A Sjji.JJI eAA ahVi ml CJbjjL j£. t a u&SI ^gJI 4j^aJ_pJI 4jjCi jfl] 'Llj.i 4-aja-a jl_j<« Igij^ajJ 

.LaAjJC-j iil£jAj LajLi (JjaJuuI 4juUa-ai 4-oC-L Cj*.L> ^l jJ^Slllj pLlul (jaJL in IjjaJaJ-a 

^jjj (jo<iLiaj (_gjL« jL> ^jjojjjill jaI£JI Ic-J 2000 jL»ui <-i (j]>*jj ^pbj-a *jU3 ' . ^ r -J 

(jl Axj i j i Ji 'la 1 1 ajaJrjjjll jjla..i jul 4_uijj.i] (jj^xjl /Jl 'LxaJC- CliUaj (JL-ujlj (JjJ j-aJ^- 4 .-ijH'n 
jgjl i <n aj 4 jala CiIAj-juJJJ jj-ij-lj-all JLiL^/l j_a S>-uS bl.i.c.1 4_jaj^)*JI diljq ujjjgujl <_£_«, .AaLij 
4_jxjfLa. jjc. Clll nh'u CluiUa o-laJLail a-a'VI jia aLalj t Llla 4jt^sL> *>^ ,_^2 Lai. p-lil (juajjou 
ajjjjjijjll JLaaioil jul 4joijj^j toJaJ-ajl a-a^/U <xjUll jLai^M jjS^. A '\^\\ AjjiioJI ajj^ll .ilistjl sUjI 

CIsIAj k£j A ajjj a! mi (jl j a ojj a-a ^ i\jxl\ i_j* Jl (_L£J ui-a ^ Ifc i_l Jalall 

jLa_iJa-a]| \xjb ^^—S i ■ 1 'iL>l s.j^_fi.j f.1 alc-j »1 ;)-il C1)I.1_j£L\j 4'nt' m<i 4_jjJ;j]| CliLiiaJI ^j—a 

.(Fahey, 2000) 

<_lj^*j| A qh'l<\\l ^^.a i _) iVlrtll aj_jijj)jj]| 0>Jab J.lVl ml CjbjjLj j_& t a uSl\ A.rtg.rt jj 

'"* ,' (j- 4 liilLal La£-a .lajj .llu (j^-aJ V 4-il ^M C'VjaJ-a A \\\-\j 4-a^-a ,g_A La J-liL LgiaJl*-aj 

UjLvil Ujjc- Vj 4_ia3U3I <a^all <JalaJ Nautili jUajjJI <ail£-a] 4alj Jl AJlSjll ^^ja. ^j Cj|;^j 
sXA jL?JJ ^ j* m " j-a (—SfcLiJa j-a_>il j-a J-a^ -iSd 4 LL L^laJl*-a ^^ ^kLill jl L-aS clAX^jl 
j-a ^JJii A_ic aAJJ Laj Clljjjll jl h-sl j-a ^Slijj CjIXjtoJjl j-a AjJj ^aJ ajJ (JS jli IjJ c4-a^-ail 
A_SI_^a ^-2 (_gj-^j id (J-aaJI jli 4-a^-aJL J-^JJ La Ulj . jgjl i <-it\\\ A^aJU^a ^-3 f.Lua"^l 4-a^-a <jj< i ^i 
<-a^. (J_l3|^C-j CllLj* i ^ij (J^LLa ^ Kj 4jU ^ao lAAj i\j J^T^J 1*-joiIj Lajoij Lcl*_iil LijIJ AjjLa 
(Fahey, 2000) ^Ali LLuib ^l bUlwilj .L^J JJajUII aLal ^aLoj <-a^-all jL>il ^»Lal AjaLjal 
<joi|j^ i_gj^.l (_$Jlj grjKll t_J_^a. CllLaji*-a] ( _ 5 £jj-a'VI ( _ s JJajll j^>JI tg^ CllLo^/l jfc Llla. jjj i a «\ll 
i -1 >;->'l<y\l ajjijjjJI (jC- ^jlill j^dbujuiyi ClsjJjH (J^ajJtlll jl Cjj£l 1 -1 i^->'l«\\l ajjijjjjll ( _ s -lc- ^ £& n 
• AjSljll (J^J^LilL jjj^ rtj jjjjjia l_ai_aSj J ta j_m wl jK mil (jic-J ^_ai?jl /Jc- |>Jai. jS ujj 
i ■ \ aj ^l c4_il£-aj lxa> 4aa_j-^a A_iLaC. jj£j m > : I ' ^'i«\ll aj-iSrijJl j-a 4_aJala]| t <jH'n jl 

^_]| l^jj aj Tarpaulin cbaSJI (jiLaill j-a ^ilj <_a!)Lij ajjL«3I <jjSjo»*JI diLj*JI *.\ny ( ajliu 

aAS (_3-a*-J AjjLaJI Ajjall j-a 4j^. L mil 4 ajJajl 4j|jj > -iaJ LaS .Clljjjll j-a 1^ i ^>jK"ll 4j-aLi. jSLal 
ClUaal t _ s -Hll <_Sj|Aill (J <\„ Mij bAj i—Ljoili-a (JS nn L^i-a (j^alaJ II alj] CllLjla. ^jJ *_Jajj jl LujSj 
(_jJI JJjLlJ CJjLiol jLajJa-all bA ^j tUi ulla (JS uJJ Lgj-a (j ^>K"i llj LpC- (—iiiSJI i JaJ il Lgil^Al 
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(_gj^ i or. _>Jfi> JLflj il$ilx&l Clll Irs I i_Jj^aJI pl_jj| dJaSLaU ( _ 5 Jjl Jjball j-a 4_Lj2 90 J-aJ jl 
i-Jj^. eLiil IxajJ Clliilal jl CliLLoil 4_j*i.Xa ^JjjSj ^jjL^aj 4_Lj3 600 j>£- cJ-^J ^ ^-* tjj cr%>*' 
lei t jJal-s tk\\ \£}j^\j .AJuLuJI <Juill 4jJala qa La jL^a ,-i lj <\"l i a fi jjlxk <JfLjJj jaiuj aij gcjlajl 
l.ftg.ft i JiJ-Tlrtll ajjjjjjjll jjlki Ljj3 Cio^ajjoil ( _ s jil JjIalLail (j^ajiij '-Jj^J ^l (2003 t(_$^I^Lall) 
JjVI ^jJI Clljjjll b 'qij id Vjj Ajjlail <— Sjliill f.ja^ j-a Lj ■ ■"ijK* lilll^j Clljll]| jj-a \ g"no^ Clil£ 
i _) n)lla]| i_ujJj]|j 4_jal£JI <jjISj]| ilijjjg ajJLj <jla*JI t>X& ^^ jjLaLxll -iJjJJ p-lc- jl jj-a jj.W <i 
jj3jJ 'ajjjjjJa i " Ua j-a f.l_ojoi 4j21jJal S^uS diuac (JS ujJ l.i& (JSj ajjlrs 4oa_^a (j£l m «\ I agjJa^stJjai 
aLa> l _JiC ajjh-'t 4i)La«a <jj£j IS^LLj <_L**JI j^-aJ ^/ LjJj-i j-a ^^Ij 4jjiL-aJI -WaLiJI CllLajlLai-ail 
Jajj^aJl pJ-iijJ La^fcli^ LjjJJj ;»jij ju 4_uUaJ^JIj 4_afL^a^/l jjlLajiLaJl 4_JUa-a j-a X^ij j;lLal*JI 
al_Cjl i^j-lc- U— **Jlj v_gj Clljjjll (JjJaLlaj aj-ijjjjjl a^_ti.^ alcaj ml ^-Slj-a j-C- <Lj^aa-aJlj 4_Lal£JI 
A_ia1*JI jJjiUlj Clsl.l*-a]|j S}$aVI jA^ ^jl^ajl Jlj-aVI j>a __>j£VI lajoiill <_L*ao (^C- jilajfLaJI 
La£j|j3 <LaJaJ ml (Sill T-^LoJI jjjjJal j£. t 9 uj£jl <Ca$-a ^JSJJJ 4-a_£>UI Jj-a^/l j-a I&jjCj Ajjillj 
.(CHR, 2000) jaLaU. jLa^j l_jl>k j>a AinJLl Jj^J U £-X-alj jJj^JalaJI <=JU-a] liUJSj 



.•S^W 



JstllJ^ll 



Uranium fj^kfcJ^ 3.1 

18.9 i^jJI <_U^aJ *-r^ c ' 4j3tj£ l3!h lS^-^J (j, '^ (JL 4 ^ J^ '■^ U^ cs*^ 3 (j - ^*- 4 pj^bi^ 

cjliljjaJlj cjLuilj sLxailj <jjjJI t-uoiljj ^gJ A_Lla cjlxafL L^ajl -i=Jjlaj <3 /?/?m ( gml ton ) 

f-^e- U^ J-iJ«-^J -<J-« 3 ppb ( ftlg I ton ) 4jja»j (J _]e jJ>uil olxa (jjiaoj cjLau^l j*ja»=».j 
. elj^Jlj al ■> Hllj f.Lail ^ tjjhiI (JjLauI (Ji)-* 3 Cf" fJ^bj^' U* 4 W^ 90 \Xg i^jic- c5>2aj (JUmjVi 
10 % J CU^Kll CS-2 8 % J tJuSlI ^J 16 % J tt5 -Ja*ll l&h-II CS-2 A>^>* <^ 66 % Jl^ 

.(UIC, 2002) ^1 h^J *A ^ 
^J Martin Klaproth yj^ 1 y^-* 4 ^ 1 Jj3 u- 4 1789 pU fjhPbj^ u- 1 *- 4 ^SSl 
la^j ^-ajoi oij .( j»jj^b f-fc^bj^' cr^ l5j^' t - ^bi^' u- 1 *- 4 ) Pitch Blenede ^-^ O-^*- 4 
j-ajllj c(Wise Uranium Project, 2002) u*jj\jj\ ^jS ^JLiu£l ^ ^lj£.| 4_ulaj a*j ^mVI 

. 1132 °C 6J V^I a+j±j U <J ^U^£ll 

^jj]| .ixjj cU ,U ,U ls-^J '^ X - J ^ A \-fr& JJUaJ 4J£aj (j-a ,-jtajJall ajjJrjjJI Q>£jj 

.U 238 UuoL. J^UjI t> ^U U 234 J '4 ^W'-^l cj^/^o^I t> jjlLoAJ p Vl 

45*^' <»j^bj^ o 3 !^ 1.3.1 
• (WHO, 2001)lO^-^' "^y^jJ s-^j C3 -»j;V>^ ajjjrijJI (j^lji* (j^uu r^ajj (1-1) Jj-^l 
( j*&& \ f»J^i)J^' J^ oalji (1-1) Jj^' 



Isotopes Properties 


u 234 


U 235 


U 238 


Total 


Half Life 


244500 703^8x10° tf 

Yrs Yrs 

231.3 80011 

12455 B^/gm 
MB^ / gm Bg / gm 






Specific Activity 






Atom % 


0.0054% 0.72% 99.275% 100% 
0.0053 % 0.74 % 99.284 % 100 % 
48.9% 2.2% 48.9% 100% 
12356 Bq 568 Bq 12356 B^ 25280 Bq 


Weight % 


Activity % 


Activity in lgm U. 
natural 


Activity Ratio 

U 234 /U 238 




1.00 






Activity Ratio 

t t235 rw t238 


0.048 
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.•S^W 



JstllJ^ll 



Depleted Uranium DU c-waiaJI fjafyjJI 2.3.1 

Jj-aJ jJbj s\jkl\ ajjjjjjjl j.l*-a Uji ■tn'i CllUlafc Almlm jx AjJdLaJI e-iLail jA iji J-Tirtl) ajjjjjjjl 
<L1S AjuuJ i^jic- i -i i^>'i«\ll a.jajjj)jj]| (_gjiao .^jjtaJall ajjjjjjjil 4Vi-\ t\\\ Aac\ju1^\ j-a 60 % ^J^J 
<jJjVI «jljill jli (illilj . l— UiJaJJjl jl <_ ij^JiijaiVI CllLLafc pl£l CjuJaAa .iS ^gjllj U jU j-a 

(Wise Uranium Project, 2002) (2-1) Jj.i=JI ^U^ < . n , aajJI cjULc j-a Ajjj^Ij 



'.'J ■^" ; -''" CjUIac jjuIjj (2-1) Jj^' 






Isotopes 


U-234 


U-235 


U-238 


Weapon grade uranium composition 


1 % 
0.001 


93.5 % 
0.25 % 


5.5% 
99.8 % 


Depleted uranium composition 



4_jj_jjll 4 -s L hV I (-3 jAU^a iil.la£ aJajjoU (jl j£-aJ i u A->*1 o\) ajjjjjjjl jli i ni aaoJI Clsulafc -i»-Jj 
lilljj C(_gj|^aJI (_£jjjll ^jijll j-a i_!jj^JI (j»a (_gjj^aj| pl*jiVI /*-J-«J jAL-*all lil-i-all IIa .4_JjjpJI 

(2.45 & 14.1) MeV AiUall Ciii Ajuj^JI CjUjJLjjJI L<ui .J}>aJI a*li£ Qj^aj Jc <_U*j j*i 

. i Ju aj-ajl ajjjjjjjl liJXa jlxii /J 1 -' U-**J J(S i ■"ill Clsulafc jfc 4jaoull 
t a i aj J— aaj Lill Clll «\j i aa ill ■> n (_£iJlj U J-A i_j_JalaJI aj-ljjjjjll CllLjjfLa ajfcl jjj 

. 3.4xl0~ 7 Ci/gm t> 4i>£ ^>> M^^j 4.5 x 10 9 Yrs ^J) jU^ (Half life, T 1/2 ) 
<jSjJI Aufc^l 4_jicli3l Laaa t2.2xl0" 6 Ci/gm ±j±*j jj£j U 235 jjk'ill Ajcj^I 5Jc.U1I Ujqj 

LaA JJj-aS ^jij^aJ j-afc Clilji jlJOolj aAj 4.7x10" Ci I gftl iJjLuij L^jla i— ) iVirttI ajajjjjjll 

jUlllj ^Jljill Jb. 1.17 m j 24.1 day » \^\ j^ Pa 234 fjaiiSlijjJI j Th 234 ^ jjSII 

jli 4<Llj]1 4_j£)LajVI CjUlaaJI siA 'A' "'.'J (LlollOS, 1996) AjLjajJall Lal£j Liu 4_*Jil jla*JJ 
(_gj^i.l 4g -^ j-aj .1— ijJaxail ajJJr)j_lll ,—3 a^j_2L_o^ (jj-^ oJLc. ClllAaljil 6.1A (j-a l.la> 4-L15 4_ia£ 

l^j lill ca*^ ^illj Pa 231 (T 1/2 = 3.25 x 10 4 Yrs) J\ cMj U 235 (T 1/2 =7xl0 8 Yrs) jli 

.Ul£j 

Jjjia ( _ s ij^aJ j-afc Cllli jjUaJ ^gjj <_£>Laj^lj j-ajjoij U J Th j U -31 cJjoi^Ljj j] 

or^A om or^c 

L-Li ^'1<\1I ajjJrjjjll (J^.^ \^\j i pb J pb J pb A-iLail JJfc (J^aU^ajll ^jfc jSLoU (Jli. Ijlni'l 

^jjoujjJI i^g-ajoJI 6jixi. jj^Jj jbjill <jL13 j-a A <\\"^ n CliLijJ c^llLoj jj <Li.b ^ji (JW"n 4jli ajotaJI 
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.•S^W 



JstllJ^ll 



^y^\ j^^\ f lS xii .(CHR, 2000) &£1\ lU^Ij (gsj-i^l jSitfl) lSj±^\ j^lN >a 

(ACGIH) V*j^J ^.-iti cjWli^ll 
^jA^JI 4-4J3 t_jLo»aj (American Conference of Governmental Industrial Hygienists) 
■i^j .0.2 mg/m 3 cjjISj (Threshold Limit Value) (<jS*JI la.) ^uJI cjl^bil LjaJI 

(ju UUc c (_3^"^ " L&^* ""* J^^ JfaJ V 4jjJ (_5-iJlj <JJfc Jta. lilluA (jl t>ALa l-Axa <Jc- JdJuU A ml) 
j| 4_Lla ClulS log, a 4jc.l*_i2iVI 4_c^aJI jlj c4jitj| 4x^a> .ijAj (^j-i^J IaoaII I1& <— uLaJ tj-a lilliA 

<_Uc cjULmi 8 J^ ^jj J-iJ«-« <^& jj ciixa. (Time Weighted - average value) "1^1 
j^y (3-1) Jj.i=JIj .(Liolios, 1996) <_U*M iyi JjJa <_g.Sc. "LjcjxJ cUc ^cL* 40 j I^jj 

.IJi 'r-l'\e\\\ ajjjrjjjll <-i ajjjjjljjll ^JjUaJ I—UjoJ 

' .KrtMl l f»J^l)J^' (j* f»J^l)J^' >UaJ _j^|$i (3-1) Jj^a-SI 



Isotopes Properties 


u 234 


U 235 


U 238 


Total 


Weight % 


0.000897 % 

14.2 % 

2076 Bq 


0.2% 

1.1 % 

160 Bq 


99.799 % 

84.7 % 

12420 Bq 


100% 

100% 

14656 Bq 

0.18 

0.013 


Activity % 


Activity in lgm of DU 


Activity ratio 

U 234 /U 238 


Activity ratio 

t t235 /t t238 



:<_waiAJl *joJl;jJlj fjafyjail uiajaal! 3.3.1 
Exposure to Uranium & Depleted Uranium 

(_3J>L» <jc 460 Jig / yr ^jXs^ jJfc jLaU^I ajaja* <_gi aj-ijjjjjil Jja..} jl Jjljj <_).!»-« jj 
ajjjjjjjjll ahVhiil (jlfl C<-_ajjJall A-kaA Cliaoj .<jl iVniiiVI (J^pa (jC IwjSJ 0.59 iigM J tf-^tij^M 
(jli A_ilcj AJLnSI <_gi ajjjjjjjji] <LtaujJajl 4jcI*_ij^I <jiLiJ| ClUjl > n a <_gi a^Lou jl jiLaJ > -1 > A->*i o\l 
ajajjjljall S)^J W-^ 3 ^ ~** u ""' ls-^' S-'JU^' (J-* cs"^ - ' . '' '"'""I fj^ljj^ <J^D*^' L>* ^H^' O^' 

(United Nations Environment Program, 4Jk?iS ix^lA] a_x>7l ^jIjj-j ^li -iij n^'ull 

<__-]] lgi£ CJjUil ij t_JJJaJI A*J jSjjoij^ <_gi (jjJaliall <j-a Aj0*11 Ajt„.^ij^ djLailJ *]>^U UNEP) 
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jlj iAAj i f- «q <\ U 4_aJaiail UJ-^ "SlA- 4 (j^"" 3 ' ^* » ^.'' J ,mCuI .13 i J > A— » *1 <% \ 1 ajjjjjijjllj 4 jgjjl Clljjj jl 
^jJc- 4_jjlaJI <_aj|.li]| lillj J.lVi mV 4 aJJU 4a i^-ilj ajj uaJ A-£Jjl -13 4jcU_jj^I 4_j£iaJI ^jl . a <i 
JjIaLia ^Jj tlljjjll Jjiujl tlll.la.VI ^Hj ' " I » n JiM Clllj'l m\lj aLjVI <J^La.j . i—LjJalaJI aj_ij|j)jjll 

jl j-^-aJ ajjULail JjlaLLail ,_3 jj_La*jj jj. ilau jJlJI (jjiLill i " 1 J^» A—Mioilall A jgjjl j-a 4* ''J 

.(WHO, 2001) oAjLII *La]|j fUU IjIjUjjj ijLlI jUJI Ijq.Vfmn 

Intake of depleted uranium ui^ai^ l fja^jJI (J^^») Jii« 4.3.1 

jl£ lij '*' Wj jl (jiLaJ 4-J^ tllLulallj jLauVI a., i n-> <_jJI 1 -i > ^-1*1 <\M ajjjjjjjll <J>^ (jj 
i_l|jji] (JlilaVI f-^tLl jl La£ H-jjJalall ajjjjjjjllj jijjla aJjLuj (_£lll alxJallj AjJj^u (_£lll eLall 
(J_3klj f>&P-^ g - ' «qj J' (f 5 -^'' J^-^V^b LfcH^b L r 1 l>-^' cJjLjJ 4-3taJ CjLjxatjjill (j^> 3J a^jS <J^La 
4Jal_jaijj (Jj-v'l II L-al . -> ua i) <_La.l.i /j-JI ' . ' ■ <ai«ajl aj-OJljijj]! <Jl_alijV 4_a£-a 4Jj_joij Iju 2^&lj_3l 
i_sj_jgj 4 aJJJ i—ijJalall ajjjjjjjl] 4_LalaJl jLiiJl Clljjj j lain Laljc i**Q aj jl j^<\] 3 J;! MiTimVI 
sjjill 4_LalaJI CliLjSj-all jl CJl^jLJall ■> JaaJ tli.ilj_a. ?.1_jjI al_J (_giJI (jl MiTimVI lilSxSj ct-LjjII 
(Jja..J i 4_iJlfLal liiJuAj .aj-urijjll jjl ■■> n i —& <■"),} aj ^_Hil (JjJjj^all 4 aJJJ jl i_j_Jaia]| aj-ijjjijjil 
li&j J laJI 4_a_ia»j| ijji <Vi ^^all LAiajuall i -IdJaU AjjLall T-jjaJI <J^la j-a .■> > ua \\ (JaJj Jj ajjjjjjjll 

(Wise Uranium Project, fuo»aJI ^Ljacl ^.xaa. ^l i j .^ull ^.j-pjjjJI Jj-^j ^Jl l^-^-j 

.(Lopez, 2000) c2002) 

Absorption of DU u^Jal^ l ^jaJl^jol! qoLoHa) 5.3.1 

.^j-ajJa^JI jl^aJI i3i)^ Cf" '^H 3 Aj f ' 'Q " (j^\ Jalil ajaJljjJI j-a 90 % j-a J&\ jj 

(J jail *-a ^jJaJj jj"nK\l ^ ^9 i aJ <j-a 67 % L_JjLaj La jli a^ll (JjS j-a (j^axa-all ajjjjjjjll Lai 

2 % ^j^=o jj^i f.\-ailj al ■> hll ,_2 ^jjLj-ail ajjjjjjjll (j^aL^axal Cll^/Aa-a jjj c4£.Loi 24 (J^La. 

.(UIC, 2002) *4Slil! jAt CiUS>Jl 0.2 % Jj j^iij <ulill ^bj^ 1 ^L%^ 
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Radon Gas dji\J\ jlc. 4.1 

aj jn^ \\£\ A mul jj^aUaJl 4.Cj<\-> a Qt\ t'r-i aJLj (_gjjjj| Jj^aJI jj^aufc .1^.1 jjb jj.ijpl 

- s^U=oj <^j^j - 61.8 C° -oljic. <+j±j 9.7 A'g /m <Jalj£ *_Lj .(Iajjcj jjjjjJIj Oj^b 

■l*Jj .4_ie t 9 uj£jl 4_}LaC ' . 1» ' «aJ (j^alj^JI 6.1&J 4_^jy3lj jjiil pJ-^C- f ■ "i < jlc _>Aj 71.0 C 
jj|)SLail jjS^I fl^ajJ ^gJj^JI -U*Jlj 86 (Jj'^\ sJ^*i 'AjUfUl ^i AijjXAll ilsljUJI Jail j* jjJ^I 

.222 jA 
^4,11 C X.I ^i (F.E Dorn) jjj^ fJUll JJ t> 1900 f U jjJ>]l J u ^-^ 
JJaaSl <^jjj Rn 222 jj-^ jlc aljL . Radium Emanation pjj^ o^ ^ A -£ c - S^j 
10" <iju^ 4^aj$\ 'ajJ£l\ ^ a^Ijjj ^illj Rn 226 fjj-^l j-^wl Spontaneous Decay ^jliiisll 
jAJL; (_$iJlj U pj^bj^ -^J^-J cr^" ■ i -*^*^ ^ *-'. cr 2 ^* ^ aiala (-i ajjJ^I ^j^-j jj . % 

ig UJJJl J.~l i <n<\ll j-& ajj^l^ll jl L-aJj i 3 ppifl A^joUJ AjjJaj^l e^jiaall ,—3 (Oj^Slj jjjaLjJjjaJI 

f..J<v> ^J aj-pj^ll J>a.j £-3jJJ 4_Jc-J '1600 Year cij^y u,^ "V'N a>^Cj 4_xjJall ^J jj-^jJl 
c4 alia <\\\ <J2lj1jj^JI JjIaliAll ^jj <jg>jl aj ^ ajj uaJ pjjJJ V (^Jil U ^jic lSJ-*^ cs-^' CjLalaJI 

jj^jjj /jic- (_£j42kj <_S>^' (3^^-* -^J^ j^ t<^ J' aj*j) I^A (j-a 4_uLi. jj£i ■ilSi (Jjjalia iillu£3 )M 
j-a (jj^lpl jj£jjj ct^- - (_>"j-al* J^ "'.' JPJfc! ^**** j i .Vi* ll I.A& /gic- (SjJSJ ,gj}l ClslaliJl (j-a 4_ulc 
J-iiij . j^aJI (—11 4_j3jaJl sLiaIIj (J^aj^M j-« /g '"J. 1 " J^ "'.' JJ^dJ ^J^^i ^-Jj^ tJD^X ^ JJaLa 

jlc. j-« 0.0001 mlcj\^kA La «1jj jl j^-«j Ra ajj^l j-« j^Ij J>cjjfLL« jl jj . ^i"^ oil 
.(Sims, 1998) SjljaJlj Jai^l ^> ajjUcVI Uij^kll c^i Rn 222 jj^l 

J^Lajl Jjoi^Ajoi «_ Jjl ,_ll ^, -aJJJ 4_*oilall ^—3 0^jj3lj-<uI ^)_^aU*JI jlfi <— Sjjjt-a jJi l»o£j 

c Ac 227 f jaiu£^ljU 238 ^jjiiuJIj Np 237 fjaijlulljTh 232 ^jjj^I ^a ^oujj Decay Series 

.l^u IgJ^lajl Aac j-«j l4\\ >\ji\ o^JI j-a s^liil ajaJjliill l^c c'aj)j£^-<ul Jjoi^AjoJI s^A j-a jS jlj 

I^j A-a^all 4jMj]| jjjl^l jjlkj 

6>A c 2-Ljj -Ac 227 f^ii^l UuoL. ^1 ^^-aSio Rn 219 jj^l>JI >akj jj^ : jjJlSV! - I 
c(l % j,* Jal) U 235 j»jjjJjjjJI a^Ijj <ia (jini liUJj lia. 4_Lla Aimii -i^Ijjjj 4 5ec ^q^iti 

j-a (0.72 %) (_s^l>^ J^. "'"' s^A j^laj^/l AjjojLai jj .U pj^bj^^ ^\^ JJ'^ ^"V^l 6J-aCj 
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AAA AAA 

tn^ (j^^yj -Th f>i;j^l 5_luL) ^gJj c5-ahl? Rn jj-^-ll j-^ j-*j : (jJU>-^ ~ M 

<jjlLi 4_ill*Ji a,j_j jj-HI *>3j i . ij mj aj|3-c- (jj^l^Ji jjUaJ jjSI jjjj-^l ^-*^ 55 Sec /gi » iVi'l 

. jji ^<ul '' -»«"' a^afr i ■ lin) Acjjou jaJI (j-a (giuaj 4j£jj ajjjjjjjllj 

AAQ AAA 

jjMI 11a a*jj U ajjjjjjJI <li ill in C _ S JJ ^ <ujj (_glllj Rn jjjj^l jy^ j-* : (jJ J l>^ — ^ 
<jjLIS j-a ajjj La-a 3.825day lSj^-"^ <j,^ 1.V1II sj-ac- jl ij jj-jj^JI jjllaj jjj j-a j^-ac. <JjJaVI 

jjj^j <_Js\ ClilxafL AjjjII (j-« t"i» nj 4jj£ j-a pijll ^JiC- jj>1I ^ ^LIS J^c- ClilaLoiAl jLiuJVI (^gic 

Detection of Radon Gaz cjjjI^I jlc. Cfi *-i*&SH 1.4.1 

.jlj-all ^jj sjj^jjj (JjiLjSj 4_jfr t a m^ll A jl «\r. jjli 111 U_iLa jjlc. AjjfL jj-jjjJI jlc. JJ-aJJ 
o.j_Aj 4_jj_jjll t a mljflll J^Vi ml ,_ll A \ ioujj ojj i ,*>i Vn ml <-_aj_ioi f ^c_il coLoaIIj 4_jjS1Ij e.ljgjl_£l 

: jyc-jj ( _ s Jc <— iiiljflll 

SjAill ^1 l^U & ^j ^Li^j V Ul^Ij£ ^j :Passive Detectors 4nl mil i_LJi1j^1 - l 

CjUuoa jIjI JjWi Je 4-jLlall l«Jj c(SSNTD's) AjI^II lSjjjII j$V1 u-suilj* JL. AjjL^II 
a^-g^VI j-a (J^JJ jl a.'l-V'l mill j-a J-*- 2 (_£' (jj^ S^J^lf* ajj i aJ jj.jjpl <JjLajl j-a Ajaoull lill 

.(CMHCHC, 1997) 

i)M jc ^ . iVinn V l$il ij JjVI i-ii«all o^c ^j : Active Detectors AJUil! lJLujIj£1I - 2 

.paill 11a ^jJI Cll^L^aj-all sbuil (—SjJuIjS ^ <\*Tnj IglaC. ?.ljj| 4jjLj^£JI 

(jl Vj (jj-^j>ll j-« '") *JJJ c5-^' ^-*J' Clil <n i H a> 1 4_jll*ll 1 <\g"n ml i aaJ jjjliaJ ojLd jjVi i ^>ll ^>l£ (jj 

4jjjJa CllLoiljall <JLi. ^ji ^gjUll t aj i ^>ll j£. !>LjaLi jj^J ft^Lcl ^jj <_kJolj£ll j-a JjVI <— iL^all 

. <jjIjj^£JI "ajlall 1$j3 jSj2 V SjjJU (j^Lal igh j\ 4jjailS AjJJJ <-_ajjJa ^ (_g_^?o t _ g jil jl Xa"^l 

4j)JjJjj ^jJip Aja^all jiaU^ll 2.4.1 

A 9JJfl> «\1l (j^Lt-allj .A^qll grjjaj ml fl^LLa ^-i (j^btll (j-a j^u^ D^fc (jl ^2lj a^C- jjjS ^la 
(—3 4 m ft (_^aj_)-al j-a j_jjl*j UJjl tJJ^ t3^ a '-^ 4 te-S c^ 3 ^ 1 U ' "'.'J ^11*1 ' j- 4 (^JaLLall (jiaju ( _3 
CJj^Jal ^lj a^kLla a^j2 ^J Vj 4_Jjll jUaj_ioi CllVL^ j-a 4jliv£ 1 ^ i ^ij-s iTn aJ_J aj t _ 5 _Hllj 4_J_^1I 
A u m<\ll 4acl*_iiVI ClslcjaJI jl Ia^juj ^^-JaLall jjill j-a Clll n i n «\-*> II ^^3 tlu^a.1 ^jjlll ClLuijj^jl 
^j|jj a£|p i . nun (JJ U-boU^i jj^j^ll jlc. (jl m'nm) i ■ UbUU j£i al jjlalstll lijjljl (_jjj AjjJI jUajjojl 
jLjitll Clll <vj i ii-s j a^Lfc (J i aJJJ i^yjllj JJ i aill ^q i^i 'ill j-a*ll Cllli lill Clll «\j, i aa till JT-lj j-a A llaJ 
JjiJ jj^j^ll j-a Aitjj-all lill Clll t\\ i ii-s jj£J jjJaJj .(1999 C(_gjlAJjll ) a^.lxall s-lj^.1 ^ ajmTlftll 
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o*»ijii - j,iirj«ai 



A-\ ni'iV 4_JjfLa]| Lj^LiJI Cljjj A— a l^a^l * aJ .lie CJAja>J Lgjji Ajj^-iLallj 4_Lalll Clll «\j i aa \\ j-a 
^jJ-joiaJI (_j-1c- 4—uljaj^ll ClljjjjLllI j_C ^LjJaS L^jS 4-JjIa CllL^jJa-jJalj CIiJjjjLj t maJI f.\ i^r.lj 
(jj La£ t 40 iitn .ij-laj ojji^ll 4-) ni'iV I ( _ r 3 lill Cll <u, > «■> jLoia <JjJa Ja-iaijlLa J«iAJJ • (sAi>?*^ 
jjj <v \"i JJ^I <JU-^ <^i-J crAi ^W '—^ "J ' ■'"> A\J\ja C5-^ c ' ?>^ •— *"^ (J-* 4 J-^W -*-iy '^-p^-^ L^jSUa 
a^iJ La-a aCjJI (Jc-J •AilaJ rtJljJj Rn (jj^l^li (j^aj*a]| jJaLi-a jju LiA j-aj cAjjAJl 4^ unjU 

Clsli 4Jnj ^^i jj.la.ljj-a]| (j^aLi-iiVI IgJ (J^sjjuj ^gjll 4j_alo»ll <Ul*i]| Aaal£-a]| 4£jaJI j-a l<i_)^ (j^ 
(jj^j^il jLauVl J;! Mini h) i . u mj i^jJU l-l&j CalaJl .j 2 mSV JjJaJ j^Sj 4_pLu&l 4acUjJul Aaili. 

.(1997 t^) 0.8 mSv Jo*^Rn 222 

?TJjaJ id) a^U-a <__2 (jjlLabtll jjj Ig i ^ij-^ ujj aJJ 4_J_^3| jUajjai CllVla. (j-a o^jjjia l^l^cl jl 
<j|Jj]jj jjj^lpl jlc, Aj^jLoJ jjiaJj C(j^ajVl tt hm t " laj 0^_a2Lj-aJlj lgj-a 4^ii»aJl "WaLvJj ajJJrjjjll 
j-a-Ja /c-iaj I ' «aJl 4_^jjLaJI a^LLail ,—3 <J^3l jUajjoU j;iLaL*Jl <jL^al <JLaia.l ^1 ■> n > h) (j^-aJ V 
jLjiJI 4_£jjJaJ (j^L*-a]| grjjaJ ml A_jlij aJaJ ml ,_s-^l aa>Lia]| (j-a ej)jJaJ-a]| f-ljjVI ^^-3 jjLaLstJI 
(-JI Ip i^ aJ j-aj (J^ajVl ^nn > " 1 aJ j-a J^LxaII prjiJLailj 4_j|^l alj Jl t <_Lu la-ail (JLaajjaiU 
^ji lAjLiajl aIjIj j^J JJ^al^JI Cjajll ^ji l.ia. o^j^a-a <il£i]| s^A jj J^^b JJ-^?JI Q*J .?t hmll 
4_jj^-aJI 4-a^LjaUu 4_al*ia]| i_LJI_aaJI ^jSIji LgJua (_3 laUJ La (j^aLi. (JS ujjj aAj^fc i—lUjai^ (JJ3J ")«>ll 

.(Sims, 1998) ^li-JI jUVIj 

(-1c jj h-s \jAt r-in <jj£ j-a (g&lli <oj (jJJJ (-C-la-iil ClljLaS jj^jjllj «_uiljJI aUuA^/l AJJJJ 
p Luul i JU mj ?. Ijjoi 1& (_j-ic- (jaLjll j-a 4-alxll A -\ i ^i (_jJc-j (jliV lj aA. Li-all (_jJ jjLaLtll A s i ^i 
(illiSj <aj^t-a]| ^-JjLuilj jbVI sV>a lilli ^ Laj AaSjaJI sLuJIj ^Lull ^Ijaj 4jjj]| ^i s;Uijj| (jUaJ 

. jlill I^A ja (^iau-ail (jiaau ,-i 6Ua3I 4jLail CllKuTi su-a jlij V 
^j-a (jjiLjll JJ(S «•> i Clulfcl ^3 jj^ljll juU (j^aj*jiu 4j^aliJI jjjl*»aJl jj^ j-a f^y' ls^J 
ajUJa 4j^> if-i CjJjjjIj aJj 4 njll ClljXa jJai. ^^cbtJoj (_LaU£ jj^jjlL aLauA^M jl Vj 'I960 aI& 
( _ r a ?t J i ^il La-lJC jjill 11a j-a Clll nt i i nil t a i^>V)rt ^jJ Vj ^-ijAL-all slXa ^a.L aJ jLouVI ,^5-^ 
JjJxj j^iij . 4 q h-^ n jj£jjjj jj^jjJI (j n 1 aaj /j-ic- oj-^LS Oj)jJaJ-a o3-^?-l jj ^ ^"J (j^^-HU' UJ>-Jia 
cA_ti.liA3l Clll AJaajl <-ajl£a j-ajJaJ ^^jll aOAU^alll ^jic ^J^ljll aJ ^33 IAjjC-j A-UjVIj j^IjoiaILj ^)aVI 
<jj^jJ| tllLjlaC ^j-S aiaaJI (JvLa. j-a -A_iL=k. I -iA I LjjIj^.1 i^j-lc- 4JaaLa-a]| 1 ^ 1 ajl 1 ^ aj^l j-a ^^^Ij 
(J-lsc-a jl j^AJ T-UiajVl (j^)*Jj .a^jLoJl jjjl*»a]| (34j AJjjLajl UJ^JI ^j^aJI ^Jl UjjV-i«-a (j^aii-j 
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(Wise Uranium <cLJI ^ *Ua ja^u e^a (1.5-0.5) jjj ^j|>jj <-alaVI j^bal ^J v^ail 

.(CMHCHC, 1997) ^Project, 2002) 

4jUI^v1ujIj jjJl>JI jlc JjIj2 3.4.1 

l^jJt 4jLahVhiilj jjj^ll jlc. ^j|j3 aA| (j-a jjj 
J!LaJ ajjjjjjjll jl jA Aijpall oi& 4alfc ^gjjj ($j]l ^j-bxll (jabuVI jj lajaJljjail £)& L_ul±l]| — 1 

fjj4>ll <-^ u- 4 -4>^ J-&* ' jj-^ j^ U^ j-^ 1 ^ cs^' ^oujjII (Parent Nucleus) ^Vl sljjll 

Trhin l -^>2 4_ulc 3^™J"4 JJ^Ih' ■^ Jb ^J jl^ bl •fJ^lJIJ^' ^' '■»'■» L>^J J^lP (j- 4 (_H>b«Vu jA (JM) 

lc\ i <aju jl (jj^jjil (j^-«J t aj£ (j^Jj '(Jj-*- 4 (Jj- aC ' ■^ c ' PJ^il 4 ^' P^ ^J^J cs"^" <J^b j^ <J*^J*^' 
A aJjj 4_ulc SJ-uoj sjjSjjj (jjaiaoj (jl jj.i aj-iJrjjjll I gjaj .1^.Ijjj /j-jil <J^J^' ^ '" LS~^ *Ji3^ 

5.5 (jJLu j-4c Jaa-aj 3.825 day £-bj (jr L^sJ >ac <J jl jj C(_pajVI Jib ^UJ^I «Ukjl 
jj^l^JI jlc. <JUuj| ^jJc- j^3j AjjoiLoil (Jxljc 4j^j ^1 (_$3*j <£UJ jj ? ljuo'i jj"~»5 LaA^£j day 

:^j (_>ajVl (Jib 

jjc. (j^aSLjjj V <th£l£ U^ ^ cJaJja-aJI Jajoijll Clljj A-a Jx-lijJ V (51 Luljaj^ jliJI <Jj-ai. — I 

. (1997 c ^S) g^jVl J^U jUJI Jtifol 

.^l^joi jjfL <xaLowi]| 4-lSlc (J-ajVI (_ji jj-ij^l jlc- (Jlsjjl jj jj t(j^aj^l AjiUjj Aj-aLoi^i — l_i 

^.i jaiali (jil>a]| (>aj^l Sj]>a> 3-a^p ^ j^l >Aj '(Heat gradient) (jj[y^\ gj^ - -*■ 

.(1999 igyltfjll ) Ipk. jc 3^*11 
Jab jA (>aj^l tJojo! t_jja jj-il^l jUl 4allc JJ^|>J (jAjfl jj : jl*% iaiUI (jc (-uijail ^ - 2 

i_JjjaUJ ^^lll ClsjjliJI jl jj ta.jjj|;jjll CllLaLk ^j^-j ^1 AiljJaj <jJjjjISjjOjIa CjLali ^J^-J (_^- 
L^cl l^sj 1 jlj>^ *^J J 3 J^a«a ^ ScVI J ^J t^J =JJ 5 jljjpjll Clll aLiJI j C 

i_jji jj4>Ji jlc- 3^1^ c^W^ u^ bi^j 'uj^lpi c^^ ''"n^ o-^jVi fJajai i_jji (Up flow) 

(—3 j^-*- 4 (J-»C Xic jLiJIj Lajjjl CllLali. ^J-=^J /cJC- 0_>J^U-a J^JC. ajjj^aJj (JXj Ai l_y^)2 ' ?r H m 

.(CMHCHC, 1997) j-jVl j>^U 

4ajbvi SjUjj Lj^u^xa a jlc- jj^J jj^j^llj JjV)ll CJjJ^. jj : jj£l^ilj JjV3^' CP $±^ (j^ ~ 3 
La-a .<_ul£^]| Ljj^i' tijj'AAi (j.1"n /c-"l S^lail (-S L^ajj^xkj (_>aj^l Ahm L_JJ^ jj^jjJI jj£|pl 
CllUaljLjJaJl ClljA^J A aJJJ &j AJaaJI 4_jjl£ll sA^J j JJOJI 4 jl«\r. ^—3 ba^-a ^LaLc jj^jpl (j-a U-*^ 
CliLaljoba ,-i *j|j-ail ju_^ MJi a u-a i Ac JJjJ l^jlj-^ t«-^'j ^ J ' ^D*^ ' yjuoSjl ^ Cllbl^i.Jj CllUjaijjj 
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.(Planinic etai, 2000) 
jj£l>j Aj^ao (j£aj ^LUik :£jJl>J1 jlc diAjj ^jJUI 4juulaJ1 Jlj-aJI 0^4 Jr^ln -i-j-iaj (jl - 4 

iilil£j tjK.Mill 4_*U3I 4^ ,^>1| ^Jc Ualia. LJjjJI eb-Aj CjIjIuJIj jSLuoaII (^J At,, mi oil Jj-aJI 
(jLLoiVl (j^Lt^sj ' ajJaJjJl (Jju^Lousj (^LjojIj pj-iul LP- 4 c4_iaA| jpSVl Jju i"n^. <jj|.iiJI Jl^aJI ,_fl 

<(Khan era/., 1988) <(1999 clsjj— a^JI ) <(1999 ^j\jj-^l\) £ — II 

.(2002 llSj\J&) 

£>ji\J\ j£\Ji cjLu^ &\Js 4.4.1 



,^11 



ojj 1 «ai (JjjUSJI 4_£jjJa LaA^jl (jjlj mluil (jilajjja ,_3l (jj.ijjj| j_£jjj 4-1' ia (JjjjjJa a. 

xjjlj-ail (jj^l^JI Cllbtjul {jijXuiA ^^i dlj^jiail 4_iajj-a iJ^LL (j-a Lul (jj^j^ll JJ^jjJ L_lLuta> aJJ jj XaVI 
l\x*l\ jl (J _JDaiLu]| jljjfcSI 4_L^L3| 6 AA ^J ajaii mJj ^jj^j^allj JjV)JI L>C- 3-^1 ^J 4_£k.jljJ=JI 
ajaj mJj Xa^/I 4_LjJa (jjoLjSjl AjLjJa (_j^2 4_ulj]| Lai lill ill! <u i aa <_>ulji5 jjjtlil Cj]ja»aj ^ > >>J nj\\ 

lL^sj jj ^Lill (ji a*li£ jj£I aL^II s^a ^*jj c(SSNTD's) AjLoM lsjjjII jN\ U^\j£> l$ja 
a 1a jjJ 4-a,^Vimx>1I <_Lilj£ll j-aj .<jIoJjj (_jj^ljj| jj^|>J <j^ba jjj ppb ^j ^^Jla. Lgja ajuII 
Ai^yi 6 aa t 3 : nki ^j^o .PM-355 Jjaj >Lailj LR-115 type II j CR-39 UbJ,l£ caL^I 

lillAjj slj-gil <— Liil£j| (j^ajjju pjj dua * jT„nni) .lie. <ij *& a t a MiljfUl lga2 (JJ-^ csA/^' •o£&&4 
(j-a elj^JI ,_2 a^_4jL_aAJl 4jt_jauul j_^auajl A_lAa. jj-aj (jj^|_)JI (j-a 4 *W n<ul LaJI Clll «\j i aa (jXaJJ 
jA[y L-lLaa ^i AaJfljJI sIa a^kloUj .AiltJ (JJalla JfLi j^Jc- |;Ll 4a3 A£jtj (— a.ui\£Jb aht-i.^VI 
^ ( a miIj^II A-tiaj aJOS AjjIjII AjJSdll ^ Lai .Aili-all tjSLa^lj uJjiJI s-ljAj AjjjVI Jib Qjjj^l 
4 aii-xs jl Ciljl dilj a^i 

uJJilj£]| (j-jJajj Jj c^gJajji-a 4jui jl ^j IjJajjil J£Ji Cib Sealed Diffusion Chamber 

«— a ?.lj^JI J-^UJ jl '- r JJ-")J A_Lai aL£^.U (3^*JJ W 3 (Jj^i^l -j^ty U^T^ -i|j-ail Aiistll 4^i.lj-a 'ajjj^aj 
AJjj (jjljJ AJli. Jjj^x^j lill Clil «\j i aa Ufcu Jaaj o^aJl Jib (jj^|^ll jlc. jUiaJl ^a-Jj . hj^» «\ll 
(j|jX^. /j-^-- UJ^iH' *— - 'b^Hj ' . ' ' 'if* * i ni'i (jlj 4 ntll (j^)*jll_j t a Mil£ll r 1 1, a. i nil alj AjI^jJj (JJJj 

. Cllj =^aJI til 3j (pi 9Jjlj J Lall t_a uaj) jl «j| C5 Sc J aiu Sj =^aJI 

AjjI^L niVI S^_a-aJI j-iaS t a i^i'i Qj-Sj LaiJc. ^j—A (jj^|j_JI Cil^-JjJ Aj mj Jjjl yl A_aj A_al 
4_i»JI rhii (jxj 4Jl 1 1\\\ (Jj-Sj LaXifc ^j-A *_W_w4Ajl 'Lajh'ul ^L*jI JjJaal (jlj 1 .4 CW1 ^jX=o 

tjc AajUII JjVI AWi jl j£1L jj^JI t>j (Barillon era/., 1991) 7 cm t> jj£I Uuillllj 
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jjiaj Qj^j>JI Cj-c 4_=oUil jLj^/I a,\ ij J*\ nil L-.ua (55 - 60)% ^jj ^j lK m' uiJ>^' 

.<_Lil£]| jjjj jjjjall JjJ^aj A-l« (^ic- J-«*M Uj4>^ (J^W* "^ LSJJJ-^' L>* ^ '(40 - 45)% 
(jli tl (jj'lSn^ *i <_pLajl ,-JJ i ill i ii ,_ll (jDjaj LagjfUj) 4jo»aJ j i adauJ (jj^JaJ LaA (jjj_>"lj (jj^lr' ij' 
1 <\g J ft <J£1 (J^ 5 *^ Cls^-Ax^ ^ji JJJ^JI t_i!Aj^VI (JjjIuiI ( _ s ie- -Lla aJJ (jl (j^-«J 1 flg i <a» J (jc L^L^a3 
AjLua jl (_gj-«uljj f.Lic. allVi ml <J^Li> (j-a sjLiuJI Ajjlel (JJJJa U^" UJJJ"^' ^J^J (3-aAI (jiLaJj 
(jj^jjJI (Jjj j_u-«uil (j^-«J iil3i£j .4_jj*j|j <-_Liil£ll (jjj AJl.niftll (JjjLwiI i^j-lc- jl <J-t>^ lH> A_SjSj 
SAjUJI jLiaSVI (jl jl 1 <\g J ft A jaulajl Lall Clil «\j i aa AJaLuijJ 4_jj£la]| jIjVI (j}-£>i» jj-C (jjjj-^llj 

6.29 ujjj-^ (J- 4 ^"i*/"^! Lill ciil <u i ii-s As\la jjV ujjj^ s«xjL«J1 jLs^/I (j-« j-j^I uj-^ uj^L)^ 
. 5.485 MeV Cjjdjft t> aZ*-uA\ Ull cjUji.ua 4iUa <_L\*^ j* jj£I MeV 

diaall <> uijfj) 5.4.1 

Cliliik-aj LjlL (j^s CliLufc ^jj iji ;Vi<\ll ajojljijjl jj^|jj ^y-^J jA AallaJI <Luijj.i]| <_a^A (jl 
^jjjjij ahVimlj liLSij <jjlaJI gAJaJl L r!> a > (j^ ' ' a ' ^^ CluJa^u ^^jjl Ajj^, i dt.1I Cllia-ajlj ClUUijI 

.HPGe SjliiJI ^JU fJ xiUj=JI Uuil£j CR-39 lsjj^I J&l c_L2>l£ 

j-« i^JjJalaJI ajjj|;jJI (J _le c_ajliall eljjaJ t5 Jc JjSuJIj t a *£ll ^Jj 5_uiljall iliilA LaS 

.4jC.lxjJu^M AjiliJI 3UA UjJJjlLaj UjaS ajjjjjjjjl JJ^JJJ ■^•^ a -J (J^la> 
H_JjJal«UI ajjjjjjju Clijlill (Jc- UJ^' U ' ^H U<U,miI t <JJ i a3 (jn ^^ /j-lc- 4Jl"ijJl Clljli.1 
^Jj tJ>!aJ Ai2 CjJLMI J uaill Laj .(Jjj-ill jjVI ' a mJj^j AijLoJI CjLoilj^l (^Jc jjjLUI J i r->k\\j 
Aa3 4_iialiAllj «jlajll Laj tCllbl m^llj ^jj-wtll fj^aJI |_j-ic- LS>^' ?-}[$ (Jj-aillj cLal£ 4jtjJul t iniljS 

. (jjiolaJI Ji^iqll ^ CJjSi 
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I III 




Ml d^sll 






i a 



CR-39 Lixil£ ^Ij^Iu-V ^Uil CiIm^ u*i>*2J 1.2 

lUu jl£ gjillj 1958 aU ^i tdjjj JU1I Jja t> ' ' fti **^ ^ AaL^ll Uuilj£ll l^u jl 

Jjjlij A-a (JjiLuj ClutjJaj bj aj/nlll -iJJjis ajjjlj (jl Jaa.V jl LjUa£)J (-3 ^Jjill 4£Uall ClsUol ^gi 
(J-ula <\1u 1 jjlubu .1*j 1 ^ j i(~- jg Hi jU^/l (j-a b.lc (jli 4jj^pJI djlijjjaiH CluJajc-j aj-ijjj)jjll 

^ 4iki*ll Jftl (Silk and Barnes, 1959) ^M*M ^^ ^j -(Tsuruta, 2002) ^U^l 

AjjjpJI tllljjjpjjll <_Liilj£ll siA (j^ajju .lie o-lljlall jUauuJjVI LUajJul 4-aJJJ IfLjLall <-_kiilj£ 0-iLs 

Silk and <j!j lU^jj L« (Fleicher etal, 1965) jjJ=> aSj .ajjjjjjall (j* AiJaj ^ik* l$_jj£ 
SSNTD's)4aL^all c5jj-ill jjS/I > a mi Ij_£j ("no ,,i t a *Jj£3l j-« li-pa. Lcjj Ij-^^Sj Barnes 
UjU» (j£^j 1£jUI ^i jlk^WI ^jljj jl l^j i (Solid State Nuclear Track Detectors, 
(Price and jj-j -iil -cgj '^.'H jo^W jl-SVI <Jsta.X«j HF Jj U <n JaJiall 4 jU<-. 4_LjJjj 
^jjip ^l>^ SSNTD's p l.iiU a^I^I (Fleicher eta/., 1965) j Walker, 1962) 

QC U=o (1966) ale- J^JJ Jj^u Aflj .<Liil£ ^lj-a£ ClubjJjlS ^jJjaJlj ttL^IIj IfLLall allVi mlj 

•i.t^j pj^. (JJlULaS S^jAa fill A_JJUu]| I n iTljJ <Sjai <Jj2 (j.4 \£.jXj^ojA\ 77 L=kjll Clllijalj2 aljaj id) 

.(Tsuruta, 2002) jjlal* 
j^i j£\y jLaJ jji 4 , ala ij AjLaLjII CjVI ■> oil j-a XU*JI ^J t a mJj^II CLu^aj ml ail 
1_$Xa AJ&jxj)} *jjjj\jjA\ jjfljjj -ibaul aJ (j-«J (^-H'&bjx t^_Jjpl c4_jj|.ic. .ilj-a) CjVI a <ul (j-a J J' "I 

Ujowj (Fleicher and Morgo - Compero, 1978) <^>ai jia .<iallj aLrJL <£a^1I jlkkVl 

ab aJjoAj 4-LjJa '-^-i^l 1 1) t\\j Llljjlxll o^A Aj^aal liljjj (J^aj^/I rcJa-m (j-a i^JJUJuajl (jj^j^JI jj£[p] 
j j nil jliil jl SjL3l£ jjLjjJI J-a SjliluiVlj <Jajji^ll j> aJI 4_uiJ <i£>Jajj CR-39 i-a,Mil£JI 
(Abu jarad and Fremlin, 1980) u^jJ Ujs t aj^ljjJI jx. > a .^11 lilllSj JjV)3l cjj^=o 
Air Sampler ?-l>^-ll *,,*<\^ LaAj jjlM"^ ^ jj"nVq"i JiVi mU Cij_ull J^b Lill ciil «\j„ . aa JaLij 

.LR-115 jjUJI cjlpj CR-39 JiVl ^iuitS alo^L-L tSlli, Can Technique ^jSII <u£j 
uiiljS ahVunU Oj^I j£. t tni'sll 4_iupo <ui|)j ljj=ol Jaa (Khan eto/., 1980) Ul 

(-jll J-alj*ll Ijj£^j Aajljh id^/I j -^^.11 4_iiaj al^aj mU ajJJrjjjll q£~ > " 1 a ul o^l (j- 4 L5JJ^' JpVl 
jLu^/l jjjIjj cJ-^lj*!! 6 -^A Ij i aa 1 ("n^ ClLuilpjt <j-« Pj-jll l-^A J^La ?-|>^j -IJc- Lgj ia.VI ' ,'^J 
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all .laj.^K m<\ll jLj^/I .i-lfr i^j-Ic- A_jixiSI (-JjjJallj (j^ajjtall j-«j JJ^J <— *-"il^l (*Aj-*J ^J m. Vigil 

JjajjSUI Uuil£ aloiioL jlk&yi LU^ui Jj^Ai Jjjl^l j> (Geraldo and Tanak, 1980) 
jIpVIs j*-^b s-Lall t><> s^-pc. j-il-AJ ^ aj-jijjjjll jj^|>J jj«^ Macrofol KG 'jl ><-ill 

.AjjUjII ^JLajJIj 

j (Khan etal, 1988) j (Chakarvarti and Nand Lai, 1980) o- JS J^j2 ail 

jj^I uiilj£ ^ ^UJtyl jUS/ l^j^uII <-LiSll ^JaU-jjj (Henshaw and Allen, 1994) 

sLxaj 4_jjj^I (j-a 4 qTl^ <i CliLiiC. ^^2 a^j^.j-a]| ajjjjjjjil 4jl*ill j_£jp3l .iLajj (—31 <jL^all (_£jj-ill 

LjaJ (Khan eto/., 1988) ^ILU <illi£j . jliJtfl * aJa£ Jjja-uiAj ^Lillj pjiill ^Jj 4aJ^*-4 

(jLloi^/l t 'qjH'i"' (j j^Loixj (_£l_ii3lj pj-illl (j— « Cli I nr. ,_2 (jj^l^Jl ,_gj) ja *i .IjJ aJJ 4_joi|j^ s|>-^l 

mBqll ±j.\ aj Qj^jpl cgj la * (jl a^.j jj ^.lill 4_u£j ^LaScLj CR-39 * a &\£l\ ah Vi-nL 
(26.27 - 41.3) m%// ^o^j ^Ull (27.38 - 41.81) ra£g// j jjaSll (14.6 - 89.91) 
j (Jonsson, 1991) j (Sinch and Vrk, 1987) j-* J£ f^i ^ . jli^Vl UukS J^L**! 
Bedrocks ^Vl jj^^j *-&% AukWI ^ui&l ^ jjJ^I j£[p jjAali (Tell eta/., 1994) 
j£jti\ jl gStislI cj^l ilj (LR-115, CR-39) l$j^\ j&I U^l> ^IjilwU o^l ^i 

Clll m II ,_2 o^jJljaII .ilj-allj 7tJj3l ol^jlj (J^J^I ^nn (_gj)*l i a <i jC- plijj^lj <Jjj-ixijl /Jc- ■i-a^'J 

LR-115 j CR-39 j&l ^IfilS (Barillon era/., 1991) <> J£ f AkU L^ .^jj^ll 

CjUjl i il ft AlJaJ j-« (jj^4^l (j^*j ^1 j. i «3J rtjll ^1^*31 A-U9J jC- -AjJo3 (jj^j^ll Clilxjul (JJuii 1 i J"lj) 

• Luojja ^i lamalou les bains 4jj:u ^ jj-^l 
^J j^L^I J^kb ijj±\jl\ jlc. JjSjj Ja** jl (Abu Murad eto/., 1994) .i^j ^U 
^ Vi..ilj .CR-39 Ul_^1£ fb Vi.-L 5.33 Bq/m 3 lSjL-^ u^' (jial_La <>a_«j 
lill CjUjn^l 4 ilia oil cjliiyi jjj j^ull ^ CR-39 jjVI ^-iuilS (1995 ijUjLj ^^q) 

aJ .lilLsjoi^l A qh-s «\ll ajj'Kil^/l (j-a 7- Ijll al^aajaiu <1A_ja3Ij Am ajj "ijJ-a'V I J^j^a-a j-a AjaUJuajl 

5 Is 

al Clll jUr. ^-Sl>4 j-4 CjAaI A_JJj| ^jJ 11 i>>'l«lll aj_ujjjj3l jX- < 8 nl^llj (1996 C^j-La^JI) aLS 

(jj^l^JI AjjoU ^JJaj J-^bk (j-u aj-urijjil JJ^JJ 4ju*j ^J^aJ aJ ^1 c(4_iJu3l ttjkII i-j^.) liljla-all 

aJ ^311 jjUjJI cjjUil Ail . jUSiVI 4A_wlji a_uSj als-i ,nlj CR-39 *_»JilSJI jUu&L Rn 222 

( _ ? llaal a-a i^jJtSj « ^ S pj JJJjJ^' j £ji <j 9 ^ lajaXa Sjl jj till i& jl 1 gjlfc Jj L^xaJI 

jjjLa ^zyLjAUi l£j j g « >■> I I <_>u>sJI dilji cjjl£ jj 26.4 ppm J& ij'^j 15.6 /j/jm^-^JI 

• 6.73 /?/?m ^j^=o bujiJ «Jlj-all <jij ^ji ajjjjjjjll JJ^JJ Ja*-« jl .la^j jj^. ^ji t jjjjaflla «\ll 



21 



jjj jj^|>il JJ^|>J jl-ajj JXi* j-a a.j_ij|;jJI JJ^|>J jLaJj (1997 c (J _A«ill) Al La£ 

1.25 jl •> '1 ' ') *-lLa] ajjjjjjjll j^_y jl -l^j -iij CR-39 t a ujl£jl aljajmAj (jij^bj <_y*^ *La^.j 
.^Jljpll (J Je 0.31,0.2 ppm <_y*^ j»U^.j (jiyb (^ii* ^i <t)A£ t>* J^' /'/"w 
a_ux^\j 4\\^«\\ p-jjjll ^ a alia rt pljjl ^i Oj^I j£[y .inVn (1999 i^jj^l)) =X*j 

cXaS/l 4jjJ=> chW^I ^i>^ ^Lajcb i]$Ji\ AjjIJojJ Cj|^s> ^IWimlj CR-39 ' '< &\£S\ flWli.L 

(72.28 - 123.2) Bq/m 3 o& £j1hj ^A^l £jjSH cs-* jj^l t5>^-» J g^iM ^i*^ ^j 
. (38.41 - 227.92) Bq/m 3 c& cj!P *a <^Vl jSIUI £jiJ <> OJ ±\J\ ^j^a \J 

^ ».j j aa CR-39 <-i ^l£ Jj aj i .L jjj «JI u a J ^*jA\ a hxa u a 5 jUoll 

(24 - Bq/m ^ja=o jl£ ^a,iVi..^ll cjli«JI ^IjjI ^J jj^l ^jls-a jl (1999 <Lgjjf?JI ) 
(j^aju jUia.1 ^j aSj (0.051 - 0.111) Bql Kgm j-* ±i)k fj^tfl l$j^ j^ ^-h^ 51) 
(32 - 42) Bq/m 3 ±j±^ jl£ jjplJI jU jjSjj j! ^jIjjII cjj^ilj ^lill ^Jc. Jju CjUxSI 

.(0.01 - 0.14) Bql Kgm ^j^o jl£ ^\J\ uy^j 
jjlaAJI jJiJ t (Nuclear Tracks in Solids) a.A . ^1 1 ^-LiljilL u-aLaJI j*j>a]| ^Jj 
j\3l iSx^A CR-39 g^l jfrl ^-Lil£ r ljiiJ ^l£„.J j> baj (Sadowska etal, 2000) 
^L ^£3 25 keV <Jj jjj^l ^i^ t^ J^*-« f 1 ^"' ,,, 1: <^j <^^ 4-SUall ^J fj^' ^^ 

tilSJUj UjjSJ 20 fey U-» (j-ic-Vl CjLaUall Jj-> ..n t5 Jc a;^ill <U jV > L^1£JI 11a <jj ^ ^j-> ..n 
(j a J ^ (»' a ^ LJ * a J J «j5>*JI (a ^J •*— S uil^Jl ^ jl aj i h) A J-^J^ (j « 'J iS-aJ 

a_jjUa£3Ij Ajjj^aJI AjUioi^l jj_4^j jl jjuij j£. ciuso joiuj (Virk and Srivastava, 2000) 
cjl^jJI ^ £j*J£il jl -ua Ijj^i jj 50 keV fjA^ 1 ^W^f 2^ J ^ 1 CR-39 u-i^l£3 Ajx£jj3Ij 

^jjj JjJJ IXAj CllLjjjaJlj ClljjiJI CllL*jj|j 4Jaj|^3l jj^alj^l ^-^J J '"^.' (jjl-^VI ' . ) J^J^I .t h^«J 
A-jLlij ^—jj^aJI (jjjJl A_JJjJj (_gj i aJJ) (j^al i ^>"l aV )j 4aL_^ajj3lj 4_au£3l jJLa (j^aljjiJI ^—3 j jjir"i 

. jLjill 

jLo^ jyjai ^ij CR-39 ^,l£ ^liiiuil t> (Flesch etal, 2001) t> J^ j^ ^3 

490 MeV <Jlki jj<j' ■■•« cjLjjjI ^jaj .,L > a &\<S\ ^_a sblkJij q>jVI Aia mj 
jJjLjLoi 4jj^« <jjcl ^i ^.jjjIjjJI jj^|>J ajo^j (Jj (Barioni etal., 2001) jUSl LaS 

j| auJagJI ^ir 3 ij^- - W^J'^ j' W*^'^ ' -4 ' p'-«- l ^ , ^l A-« <J-iA*Jl j» j K u in (jLa»J^/l jl ,_ll JjjjoJI ^A 
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<J fclLu (j a Clll jjjinlu A jJfrV' (j a Cjl JJC- (J^a XJ A_l* kjJJ lil Lj jua kiJ^M 4 jjaj 



I^jLoi^j E Jjajj^LaJI U^\£> ^IiVimL ajjj^jJI jlk&l jc 4=>uU]| j^l Jj-y.nj ( IEAR-1) 

<JlC 3^J^ <_S"^ L$j"^"' <_^ 4j.iC.Vl (j-a (-A (jaaJlj Jjjjl (jl IjAJJluil J3j .(_gjj^aJ J(S> a 4Jajaij_jJ 
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Ul£ 4aui1 (JJa Jalvj ^ijjlai 4LLJ1 CiLajpfl o^l)*^' 2.2 

(jt 4_a^.U]| cjl^pUJI ^Ja^ JjLiJ llao (Saleh and Meqwar, 1995) o-* J^ j^ 

^j j^aJI CllajJaj 4_^aJI CllLjjlSJI i^j-lc- <— alLaall Clllji JjS j-a i _i i^>'i«\ll aajjjj)jj]| <_kj|ji J.^'i mj 
p l*_ii^/ ,_2kjLiJl (j^ajjtaJI <J.l»-a <jaijj^l A-^L?- 4 A2joi jl Jja I aJ aIj . (Jjjjjul (j-a 4_lJ_aiaJl 4 qh'i<\l) 
. (/g-JJ '•> "J (^La-kill 4Jxaj3l ,—Iia.j alijai (J-Aaj (jljij^aj j_ljjllj &j > «^ul) <_& aJjIj^JI 6.1Aj cLal£ 
(j-« sLa 4_uc 60 j 4_^|>J <jjc- 128 j ("SP'j^ ^~> ■"'" "— J '-i") '*^? k j4j^4 4-^ c - 154 Crt «v> i " ua 

^jjSlj ^jjj CjjLil ^j^lll 4_uLiSI tllLjjxil Lal£ 4jt_iil t ijH llL^J laj J.^'l ml aJ .12 j . (jjJaLiail lillj 
(J^aJU .<joi|j^1I 4 ql-i'u (j-u i " 1 ■> «\-^ /j-Jjl ?r.iLaj3l ,j-3 36.4 % 4;,m'n TJ ajjjjjjjl ^jjUaJ (jiaJU 

aj_pj^l] JJ^J^ <-^ uLs • R^ J Th lH> ^H^c- JJ-^]jp <J-*^J ^jl 1'Tnj S JLuiSI 4jjLj]| Cliliutll 

BqlKgm<j\S> jj£jj ^Jel jlj < Jljill ^ (62,28) Bq/Kgm ^j^? o 1 ^ ^Hj^b 
(1 - 3) (j-« 3A>^j Po fj^nA^b Bi cj^aj^L <^Jji c£>^' ^^F u^- c^ -(249, 275) 

.^acUJ^I AaiiiJI j* ^ic-l e>a 

jjJaliail (j^ju AjcUJil ^i ^UjjV/I ^LjL ali .iSa (Al-Azzawi eto/., 1999) 1*1 

4_Lx^3l ,—Iia.j alijai u-f^J J^HJ^J jjlj^ ' ^fis^J L3i>*J' (j-* '^J^?^' ^ SuaLajl ,—fl 4_joijj^ll ajl !ia <ul 
Cjjjajl .12j <jjU11|j 4_jj|jjaJI 4-) m'lVlj eLailj 4-JJj3l (j-a CllLijC >> «\-^ aj ^1 • (/g-JJ la \\j ,-jl a. mil 
4 jjaj ahVimL <Jjiil Ailkll 4 J^lo ^ ^ n;ll pUJi^l Ac ^oiS j ila ^ ^i CjLoiljailj d^UlajJI 

jj^jj ^i SjU) lillLiA jl a^.j jl tHPGe SjlSuJI ^Ic a,jajUj=JI t <mlfL Ul£ 4jtJil t aJa JjU'i 
2LaIu.L Sj^^ll cjLLiL <k^| <jja]| ^ij 65200 Bq/Kgm J] J^xjTh 234 ^jjjj^I j^j 

(j a Clll ijfc (jjj <tij Ra *J -J-iP>j) '-JUJJ ^-« (jl J a.JJ ^J tialaJI aj JJrjjjll 

(j oj rjjj jj jl 'Uc-l* ^^1 A JaiaJI i_5j^ "^ (j * cs "" LS * * iy^ 

CjI^ cj^!u ^1 Bi 214 jPb 214 JjSjj l^a ^j ^iUll o^uj (995 - 36205) Bq/Kgm 

.Aaaaxlall CIiujIuiaII (j-a 
^j^ ^Ljoi (fiij-J A_a»aLi. ^j.3 ajjajl A_jKj f.Ljjjill a_u>3 ( _^2 jjjja.Lj3l (j-a 4_Cj-as«a al_3 l»a£ 
^•iL-ajll j-a <-Cj <\t> n\ L-l JalaJI a.j_jj|;jjl j-J^|>J J J'^"'.' (Bikit gffl/., 2001) li^Lja^jj 
A_mj 4 nr. 4_jLa J jl-\*i i»_j jl c^JaljJI ,_gj"i m«\\l ClilJ Cli^j lajjj jLjoi jaij-J j n - ^ ^ ^^-3 A_jlull 
AjtoLall (_g_aall (J^IjS aj ^3j .2001 AJLui LjavLoiC-jJ ^A i-jJpJI A«J Crt <\> (p^ 3 4pLa cCllljLiJ c<JJj) 
Jj3 j-a pjli^ax> HPGe pjj ' tmlSj GMX (j^j£*-a]| ^gjL^all i_jJaS3l AjaL^jj CjlijaJI 6 JA ^ 

i)^j 32 % ^j^=o ujjilill li«J 5jjljJI 0S Li£ll jl 100 keV Ci^j <Loa^ S^U£jj ORTEC 
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Jjikj SoiUj ^jliJI ?rt->Mill ^Jc. xj^JI j-a <LSj <LJa t <,ml£3l li^lj 1.9 fey (^!>^ J*^ill 

(jl ■ t -_ jlj)J-i>iil (J Smjj aj W ft A lU jj-uax ailVl nib t 2 iVilSj) IA_& ojjLjoa a_J J_3j .i»j_UJ_)Jj| j^a 

■Ij-laJJ lilljj Lal£ 4jt_iil < fll j H<\; l a ui£j (jl (jS-aJ i .1 iJaLajl ajjjjjjjll ^gi U -J fg-Jaljjl igjUa ajl 

^.3 <CL uij j^a <Ji| jji£j i .1 iJ-Tlrtll aj-ljjjjjl ^^3 U -Jl <J-"»J jl 31 .(U / U ) JJJ AjjoUjI 

aj_ljjj)jj]| .ij-aj (.j-^- LM^ (U / U ) Aj-jojjII sXA ^^-3 (j^al qVi^/1 jlj i^ r j;hti aj_ljjj)jj]| 

j U j_u ^-C-U-ii^l jjljjil ,-» h'/i (aJUjJaJ) ajjjjjj;!!] 4jjLx«u£llj 4jjjill CliuLaaJl jl . i_jjJaiaJI 

■ ouJalaJI ^.jjjjijjll 4->ll*ill j^jj ^*j jjSjillj J^V 1 J M*illj d^ 1 uls -Ra 226 
A(T/ 238 )- A(/to 226 ) = A(D£/) 

Cllliutll jlj ^Loi (_ji>i <aJala j-a CjJiLl ^gjll Cllliutll ^ i .JjJaLajl ajjjjjjjl l-jljr. ?utjjjl ClJJJ ^3j 

. ujjj^a jj-a .-jjiaJl sjaJl jj-a lgi£ ClulS i Ju >>'i<\ll ajjjjjjju AjjlaJI 

Sj^lajl ^jou-^ail ^ jtlskUl (Gavshin & Miroshnichenko, 2000) j-« J^ ^j 

jj-^ i r-i\\ i " 1 aj jajoi^/I (_gjja^aj| ■> -s <ul ,_3 aj-ijrijjl jj£jjj (JjiUaj Ujoijj ,_3 jjJjuJIj Lxa>j]jj-^ IS 

Jjkjj ^jJao^jil ^Ia*JI 4_iiaj ^loiajaiL (Kansk, Achinsk Basin, West Siberia) ^ <jjWI 

UaojAj jlj)d Clll 'ijt \\ siA ^gi ajjjjjjjl (JijJa ft jl «jtji3l CjJJJ .iflj . tl)1.U»il t>±$l Lsl£ 4jtjJul t ajJa 

jl x^j Aia <aiJall cjLixll ^i Lai ^Ja^JI t_jji 35 [ig I gm <jl\ £_IS3I ^ 3.9 |J,g / gm j-* 
20 |J,g / gm (^J U^jj-iJ l&jj ^jJI .lie. ( 500 - 800) [ig I gm jjj £jI>1j j»jjj|jj^ J&J* 

. 1 m t>«C. Aifc 

(Anagnostakis e?a/., jU>^' yr* ^jj-^' ^-%^' j^>2 ^ jjj^UI q* ^■^ j^ ^ 

4_jaljhrt <JJAJ aljaj inL 4 /njll CliliixJI ^ji t-JuJalajl a.jaj|jjjll JJ^IjJ ^U>^J jc- .t^"^; ^ t2001) 
<klala]| ^ji CJjJj i ju i in Ajj^joiC Clil jj <\r. ^ji DU i-J-Jalall a^jjjjjjl aljaJ ml jl C _ S _SI Lal£ Ajul\ 
ajjjjjjjjll (-2 ajajjjjjjll ^UaJ i—Xjou jl ^1 AjjjII ^-2 i—bJalail ajaJrjjjll jLiaJl ^-11 ^j*J AJ ,^"im<\ll 
ClijJjJI l _ s ^C A_ri.j]| Ly^' jLfl *j. pj-^b-i^' LS -3 ** j*,'. ' . ' ' "* j-*- - ' ' a ^"'' :> ''' i .1 i^>'i«\\l 
A jjejjj-ill t_j uiill ^ 3 J!^ i.VI J & 4-1 Jalajl a^ijljjjl j 



(0.006 % Ai^ 5-J3J U 234 jJoti\ JL-^I 2-9) U 235 jU 238 ^j UlSa-JI j^Liuil 

A_jj_jjll A m, Vigil a„ 1 a3 jl .LjjjjJa jj^J U jU ' . ) '"'" d"^ - ^' ^ J'* 1 ^""' '^-* LP- 4 4_joijjJ jlj 

(The NES - NTVA jUjJI ^ Lifit ^ ^iLjil ^uilil U^UJI ^J 

^JJiljS ^jilwl Nuclear Engineering Section of the National University of Athens) 

J \\-\~\ <j~ol\a. CllUiij aOaJ mlj LEGe 4oialjJI dlLflUall (JjoLjsJ ^^ Jj^aS Sjifl dlli a,jjjLaj^. 

^i j»jaJl;jJI jjlkil AjjjLkill ljuouJI oj^o ^Jtl]ljjU 235 j U 238 ^^=0 ci^l c> ^^ ^*"l ^-aU>l 
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(jj .186 fey^iiyi .lit AJ&LjaJI AjjjjJall Sjill Jjlaj j-aU S-UaJ JujJaj *j is! .ilillw.il 
^jjfcl DU(_5-S ^j^.jaII U -I j^cbujuil JaLuaJ "^-J <ijjall 6.1g-J (jjAJLall i -i iVlfill ajjjjjjjll 

Jjkall jl .^unkll ^Ijjjll t> <Jf- ^ Jj^JI U 238 -5 ^U-SVI JaUill j-a 90 % ^SIjaj 
JAjj JjS 4_jIuu Cj **■> (>ajVl ^Ja-juo j_x 4_jjjI CjLiwtl (NES-NTVA) J-^ j-a (.£>?. (^lil 
Jjlallail j«> (^A j2jjoij£ jl ^^jc JAill (J JaC-l KOSOVO j3jjoij£ ^ i^JuJalall ajjjjjjjl (jUujjI) 
<jjjao Uu3 lJ^JaI ^jaj (J _Ifr ftjJalj JfLiu ilSull *_-a <4_dUJI <UaUjJaII 4je buiV I 5_jalaJI Cllj 

330 ^Jj lU^U 238 J ^U-SVI J^UuIl jlj tc> TjjViti fj^Jjll ^k?^-* 1> *,r>k.nti *J>ftl 
jjj ^U^VI JaUuIl Qjljj ^i disturbance J^VI jl ^Jl yLiVI jlaj US .Bq/Kgm 

-Lj^llall (—SjjJallj Leaching j^UjjjJI 4 jU»l ^ •>/''' AjJaaJvba aJJ La Ullc- ajjjjjjjll Amlm diljjjj 

CjULJI aw, .(0.17 - 5.5) oh ^-jl^U 238 j Ra 226 J a^U^I UUa <Wuj Weathering 
Vegetation ^jjLu^I aU^JI j-a ?r JLaJj Aja»LuuJI 4_jjj^/I j* '-iLuc- J^j *2 ja_ojoij£ ^ji AjjfLomJI 
a^j aSj .(NES-NTVA) ^J DU Penterators aA\J^\ <-uXul\ ?j#\jjA\ ^ulaa jc- X^aa 

sAA IfrJJj -\\ (_5-iII a^iaJI j»a 4-JJJ^I j^La^l <_s-3j UJ-*- l 1 — ^W^O ' " 1 » *>•> <_j-^l 4-JJjVI (jiaJU jl 
j-a jj&l ^Jl ^IjuiVI JaLiuil jjj jj n_) JalaJI ajjjljjjlj llujjj ,lfl Ifrljaj 4_}fljpa.VI LJjIiSJI 

4x^1 jl .10 ^Jl ^jL^ ^ai ^Jl J^ (U 238 / Ra 226 ) ^mu cj^j 2000 Bq/Kgm 
££u ^jIIj 0.2 % ^Ij^ cojI£j ^Ailail DU<> U 235 J Isotope abundance (ajjjU^I s^jll) 

.4jS|pk^l DU ^JjliL 4i^U,\l CjL^uil ^i SJjao-JI <LoJI Cllj ajall A-a a^u£ A^J^J 

^uoiLi (j]>*JI jc Icj^Jajx (LLRC Journal Radioactive Times) <V-a cjjjij La£ 
<jal^JI ^la^JI a;];j Jlaxj (Busby,2001) cii^UI ^Ua «ua cjj£i (Hot News From Iraq) 

<— SjjtaU ^3|^Jtil j-a 4_XJ_oiaj| 4qh'i<\ll oju^J AjjljJaall ojjjajl ouS Jjoijj-aj (_gj_axaJl i-jIAjII AjC sljlll 
i_jj^. ^i (__alLvjll tlllja JjS j-a i u>>'l<\\l ajOJljjJI (—SjliS aljaJiml j-a 4jjtla]| jJaU-all t^^. ^jic 
jj tJjS^ jU> f>^^aJimLl CllLoiLjill 6^A CjjaJI ^2j .^^Jallail liljj ^ f-LxjJu^l ^jj i a a O^-^J grj^ti 
jjijoill AjjLu AojJaxaj ejta (Dp2/449sq.Cm) ^ <1^1SL«J <*£■* ^i>Jj^«J^ 4^JU-aj ^g-aS; ^l^& 

5.5 <ilUI ^jc 33 % as.lifLs lill iiil <\j ■ .)■> \ tlicUl Am 241 ^^jjj^VI j,\^^ ^Jc L§jjjl«-a aj 

jjj j_u-alll t5 -lc- ojAill aUaill Ia^J jj cljJJ tllLaJjotaJ tlLC-Lill Sr ajJJJjjljajll j i^iV-j MeV 
i -JJ nil aj^S L^aS ' " * ^-^ i_s^lj *>a-i-a]l ClL)L)Jjl (J^a«J J^jli.1 aJ ^3j .Lal£ Ajtjllj lluj lill Clll «\j i aa 

70 jl£ *jUall ^jJ ^i SjaaSI s aa jJaa jlj c (A- 10) (14.7) mm ^jj j-a <JI^^I uiSliill 
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<jcUI jjlkill cjIajIj J^UjI ^Jl ^*j Iaaj . 8 mSv/h Ujl.iJu 4-cjaJ AJal^ 2000 CpS t> 
t> ^1 jl£ ^SjjuJI :UU ^ lill cjUmqI .1*11 Ja*^ jj . Pa 234 j Th 234 1% cjU^J 

A vWa\\ ^jj a*JI <J.l*»<s (jLS r'n^ -Wi^ tlij>-« 10 t _ s -H jLows cJ- 4 ^ a; i^jll A Shu ^gi .Axil <J.A*-« 

jLS s l > au^ll <iku ^ Uijj .(0.01 - 0.02) CpS ^Jj jU-o* <-jj-*J1 Jaj-5 lS>?-« t> ^D^ 1 
^i |^ <Jl^ cajl£ *jcUJ;yi iUclill jl ^j aSj . 0.13 CpS lU*^j (0.1 - 0.18) CpS 

(_5j-s i ■),« lilliA ^jl Clnjj A33 ClUUlSI oi& ^ 4_jjjii]| ^jjjll Cliil ,JjA\ iIiLjAjSII Ul . (jjJaludl JSJ 
.13 lIiuu^JI (jiaJU (jlj . LllJ Clil «\j i ua \ 26 CpS -J J-iij 4ac.l*_iiuj 4_ju.1I ?c h m ^—Jaij .-j__ul 
jlj» ^j-a «. Lib 4jj_vj-_v- 1_uj Clil n\ > ■)■> S 16000 C/?^ <_$-!) <_U^ c_r^ P^-^j --^ ^-iW C_J_U_J 

. (jVI ___J .-lj__!l 6.AA (J^IJ-^ ujj aJJ a- .-I C<J_^)3I ,_£> ajnlVlrt .-i-^ll Sjjjt i ^1 (jjJJl f-\jL^a 
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4,»J1 pill Jiil^ AilaJlJaJll 

Solid State Nuclear Track Detectors *^La« <#Ji Sll j&l Li^lj£ 3.2 

(_£UJjjjIj]|j ?-1«_jjjVI pJ-J <— ivlja.Lj 4 j i in HlliLajjg£ll 4ji_jjjVI (j-C t a u£ll *>$-?■ I ' ' a ^"• > "' 

<-_aUi£ (jAj ^- ' "JjJ p Ij-jl 4_!£/Ij IS"* - U- ^ '"'''"' J AjjLill tjjiljSlI 1 frjuafl ' '" *'lj^» sAA ^^2 <J^ao 

jIacj Proportional detector i_jluiIuS1 ^iU£j Ionization chamber detector ^jfcll e>?^ 
(sill jjjuII (^ic iiLou c_Lilj£ll a 1a J-ac !aj-« (jlj Geiger - Muller counter jL* j£jI£ 

(jX- <_gj_a.VI ' '< uj£jl 'i>&^ (j-^J ^X *' y '" ell! <\j i aa IS 4_Ja^*jl A ajjj <_k_iil£ll ^^ jLiil i*tWj 

Jjj^o I^ju (j _1& lU*j ^ill Scintillation counter ^ .^jl! ^la*JI jA aj jaj^J I i^ Uun-vl l 

jl 4jj_Jaxll .ilj-all (j^alj^i. ^^-le- ^LaJC-VU liSJJj 4jjj_iJa CllLja-aj ^gjj dll <\j i aa IS 4_a£pJI 4JJUall 
CllLujataJI Lgjlc- lai > aj LaXifc AjjjjJa CllLJa-aj (JpLLu AjiJ cc-"' <— Liil£jl a^Lal 4jj_Jaxll JJC- 

jjij lU*j (^S' Semiconductor detectors ii£L-ajAll oUjSi i_Lilj£ Ljajl iilllj&j .AJ jaj&oH 

A qh'irt ,^5-Sc- <Jj^-jiaAll Clil «\j i aa II Jaj'q ml 4 ajjj Clilj -^ qllj lIiLjjjjSW I (j_a jrjjjl ^" LHjJ \xxa 

^\j Surface - Barrier detector ^JajJI jalaJI uiJ;l£ ^J U£ <_Lilj£ll sigJ k_i])£LaVI 
t-i^VI ) ^(Durrani and Bull, 1987) lill cjUl^ qc < i^H S:uaJ1 Ul^Ij£1I ,>. :uj 

.(1982 . jj> ) c(1993 

aJjIc 4aL^a jlj» ^gJfc ^j^llj 4jL-o1I (_gjjjll jjVI <— LjIjS S)ja.V1 <JjVl ^ji ^M^ 3 -^J 

is l (jjjJa) <_sjj <JfUu ^jJc ^Jj^aII A\n\ maJl dllc bujiV I JJjlj yj^ (_5-Sc- 4_}LIS1I LgJ l_uljjg£ 

j^7> «\\l ahVlmlj Lsl ( ijjjl Jjlalla a^aLum (J^aj Jj • ^-Ljla ^4>J*1 U^ -Sabiiia.Vlj ^gia.WI 1 g n^JP 

jA\ Ja*-4J (3iStiSI (^iallall) pUJi^U CjuJajJU ^1 (jLllaJI P^-lgJ AJauilsSI ^IjaII si* jj tlua, 
p U-juDU (j^aj_*jj aJ (j-JJI ^^iaLiAll (j-a 4_iiLiiA J-J^l ^JaLlaJl sJ_A jjV ^-ajijajl (Jjlal_La]| (j— a 
^I^J Ji . 1 $ jlc- <jj=vji-a]| CllLaJjotaJI JajLoi i JU mj 4-ajLojll ^jJalj-aJI (j-a J-^l o^ 4iUa \^£^kla^ 

Degrade 1 g SSaj ^j <j^>j La-« ^jj^JI Lgjjj J-a L«K a^LJl <jj\x<u£1I jl^JI A_*a.lg-« Ja*A 

jj£| 1 0jjj£ ^allj <L£1I Ajj^. Miftll Clil <\j . aa \\ (jC ( L^SI x-Jalou Aijil£ll jlj^aSI siiA ^jj 

^ic. <jLlall LgJ iiSSi£j jUa ujVI U Sa mij lill CjLujoi^j CjUjjjjjII Jla CjLjjjj£1^I aJj£ j-a 

Jaji_ioi (j_fc a^_jj-all CliLjjjjjall UjjJ aJ c _ s _Hil jLj^/I (Jjl-Jfl cJ^-^ (j-* l — '^JJ^^' (j-*- - ' *" *'^" 

.(1999 c j^ ) uLSIjSII .iSlJ Jc ^Ijjjlfill 
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4,»J1 pill Jiil^ AilaJlJaill 

<fHxaj Lai jjj^ <J^-"^ AjL-ojI lSJJ-^ jjVI <— iiilj£ aljajuoil Cli^/Uv^ di^^*jj daooul jil 

(Khan 3 Ig ■ « 4 jUf. l&jlgjalj jIjVI -kji§ 4jLa& jl La£ tlfrjjK (j^aUiolj IgJLaaioil <ljg-ai - 1 

.andQureshi, 1996) 

al-laj ml jA*jj ClULaaJ LaLaJ <U-oilla 1 g !»•>.; La» <jjL^£1I AJJUall jli^m ^1 <L>Lvll a-ic — 2 
CjIjjJ i i) oil j_fr t '« uj£jlj <jjl_jJaill ClsL=o^/lj (_gjj_jll J_c.lLajl i : 1 ISSt LgaS 4_jJjji£l'VI S)_^a.VI 

.(1997 (*AJ ) <1j>L> 4jiaj Cjjjpilj f-U-^l jx> AjJaiklall 

<Jj|pJI ll)L>j.lll Jjfr j-ajJI j-a 4jj>la eXal LgJp. Jifr jUVU Jal 9Ja.VI ^gJc <jLlall L$J - 3 

.Uc ^^^J ^Jfc J-a*J 4_j3U3l 4jj|pJI CjUj.lll jli JjlialLj cAijill Sjl^a. 4-ajJ jl 4_pLjfr^l 

.(1990 '^w^H ) U.1X. jL*ai»J ^gjj (J^J La-a ^IjaJI siA ^i AJjSlall jLVI j-a 

111 2 ; <f...M ; ti uJuiljlllj ISjUll gJ La£ 100 % ^11 <_L^ iS jA$lU SpliSj Ao^Lo^ U>1 - 4 

1 1 alaj ( _ ? all jIjVI (j^LjAJ lilljj 'LoJjjliill f-j^ll (j^W^ J' csAjlA^ (3*^ l>"^ ls^ p'^"'"'"' (^j-S- 2 
(J_C.liujl J.^'i ml jx. 4_^jlill Lill Clil <\\ i aa (_3-£>i» (J- j' L - ^-AjJ-^^ (j-^ *>i-J>all CjLjjJ_jjjjI 

.(Tsuruta, 2002) t(n,a) 

<-pljftj^ll JJUvaII jl jl jjjjlUil LajI^Luj Ig.Mi'iUj ^aujoj 4-uljoj^ll JJUvaII ^i t_jjij V - 5 

(J Wul 4_jLafc Jj-jjJa ij- c ' ' (S ^ a '" <j * LP— ^ j' U^ ^J 1 g aSIj 1 $JJUl ,» J nr i i >n ^/ 4Ja_jJulall 

.(Yadov etal, 1980) Degradation 

.ClllcjaJI j* Jlfc <_£.la (JjIj2 ^jlc- AjLlall U>1 — 6 
CuJaJ ml lillilj 1 g LlaJ <ljg_iaij <_Lillj£ll oije j-a L^alfc Jjj^xaJI jj^-aJ ^jJllI ruLull \1± — 7 
^_3 i"irt,'|- : >*'i ml iil3i£j (jLuuVI l-^l (J^t>*-y C5~^' "Uc-U-ii^l CllLc^aJI (JjjLjSJ <j_^xiuJu AJjLa«aS 

.^Jftli-all jla&l 
(j_fc l_AJjJ-aJj U>La i in (j-^-aJ (_gjj_jll jl L mi'iVI LUa—ilS <jj^. i'i'i «\ll 4 Wq"ill dll <\j i aa II (jl — 8 

.t_iu5ljSll s!a J^ajlmiL cjljjjliillj ( 4 He, 3 He, 2 H, ! H) l&* AiuiuaJl ajjaJJuJI ^Uj.h>1I 

Cli^l lg"iqK (jjaliijlj Lg-al^iajail <1j^joij Iaj2|jj JLa t a i^ilj£JI sAgJ 4_U-a*ll (j^ajU^xiJl (jl 
dlVLa»<9 (j4j L>A^W^ ij- 4 Aj^*1I JjS (j-aj Cjjj JJa «\ll (j-a J^U^ll ^^i JJJ^ J^ uj Uj-al^Lljail ^jjj 

(Szydlowski efa/., Laj^all s-IjjA? '^di>^ «-U3^' <JW-* cs-s U>al ^"ml U>ia 4 alia ^ AjIuLj 
SUJI ^jJcj t-Jall JUx ^i c^a^L-l La£ .(Fleischer eto/., 1975) u-jVl ^Lj^j d999) 
j-a 2ujU1I <jjj^1I ^JiVl Aj-i^Jj ^Ljaill ^Icj lillall ^Ljja JU«aj 4 (Durante etal, 1996) 

(j_C Clljaallj c]jV)-ll .\.\s\) jj-3 4_-a^-all ClIjjVI jj-a X*J L-aS (J^J^' J - ? 1 LS~^J S-LiJaAll ^jL-acI 
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(Papa stefanon eta/., c(Planinic eta/., 2000) ^JajS/l CjI^JI <> ^y^l Cj^LiVI 

.1995) 

^i-ail <#jjSfl jjVI Li^lji £^i 1.3.2 

t a MiljfUlj 4jj_jJaC^UI <-_a_iilj£ll LaA jjj mjjj (Joa-joiS ,_J| (_gjj_i3l ^j-j^M t a mi!j£ .-< mjj 

j\ L mi'iVI LUa_iij CliLjjjlull jIjI Jj-> ujIS aAaJ i in jl cLfLLall t a Miljflll ajjfc f- Ijjl jj-jl (j-«J 

^jJLtll 6j|jiljaiLj jo<ujj 30 amu (j-« ^y^VI AJjSjI clili <jj^. uj oil J^la-il] AaJUJI 4j.iml > d-s ; jIj-ojj 
igjp^j ISjUII t-aJil£ jl jc Xiafl 400 C ° ajl^aJI 4^p (^ja Ajj^Mioll j^la-il 4 h"> ■ ""' ^ 

L uSJI Oxj Ajllfr 4jfcUJij 4jili. ij.i ■ >n lax (10" - 10" ) j^>4 PJJr^J PJ&QjJ^ Cj\j^ ^glc 

(20 - 25) C° ^jA=o - v \j^ <+j±j 48 % jjSJIj HF ^jlajj^l ^U J^k-o fjiiuu 31 
aXrJI i_LSIpl j-a a*j <jlfl jrLa^l UuilS La! .(Durrani and Bull, 1987) JaJiall <jLc ^i 

4_JlaJI ejj^aJI CllL=kj^ 4 UVll liLSJj <Jjjj]| il^loLLall (-3 Aj-aUvJj tllLijjpjill jX- l a uSl\ <_9 
jlgJal aJJj IfLLail I gMloj («-"' *— -^ ' ■""J^l cH^ j*-Wj J' a mi'iVI ul H uJ (J n > aaj /j-^- ^r^*4j 

. (1999 t j*e) lljUll US l^uaii <ii>WL Jftl 

4jjf£La o^JjS Cliljjja. ,_& Llij^ul^ulj c4jj-«u1_jj ^Ij-a jfr OJUC- /j-Aj <Jj' «a»JI <— iilljfill Lai 

ClllX^j (jj SjJj MonOmerj-aj-Jj-a jXlii Ig m^».i * <s 4 h.n^aj ejjjJxLa eyi—i^a ClllX^j (j_-a 

aj_^al I (Sjlc. i . 1 U"i <J-aAl_joiJ Sja-aU I g i kit .1 «_a A_lajjj-<i Clljj^ (j-a (JjIAJII .t !-<■> ^ ^—2 j-4j_j_j-a]| 
Cii\j^ (jji ^LjJa3 (_gj "1^*1 C1iLj£jx ls-^ ^jj » «aaul Lli|^-«ulj_ill j<\"i i'nj (H-C) cJLHJ'-^ U^JJ - ^^ 

i—xic-l (jl ■> Wl) x a Clil 'n-^jJlgJIj ClL£)j£ll /j-ic- (j^rM>-^'j (jj"> "i^jVlj (J^t l JJ' 1 J(S "J (jji^^-^' 

) '(1993 (Aaxh ) p-bfcjujvU Lg_Ja^*j Aofc jjoiflll Alfrxji (jj^J tlljjill siA (Jjj JaJjJ ( _ s j1I jj^alj^l 

.(1983 c^o, 

4 ilSa oil -Lfrljjl (LR-115)j (CA-80-15) jjijLJI cjll^lj (CN-85)jjLLJI alp Uu- 
(CN- jjLLaJI di|pj t iiTil£i ^gjljoj^ll Lgju£jj ^ji (jj2Ljjlill ( _ s ic. Lgj|jli.lj <__iiilj£JI sJa jtL«jj 
t aJSl\ ^i ft.ij->ll > L^lpl j-* jjLLJI dtujail o*jj (C 6 H 18 5 N 2 )n ^Ij^ll <jjSjj 85) 

Cliujj^/lj jl h iVi^H ul li mi j liil Clil oj, i ii-sj Cliujjjjjll Jin Ajj^> mi oil Clil 01 1 aa llj Cliujjjajll jc- 
«^|; j-* 4iS; <Sf3aJ <JJJL> j-* ^iWi 100 |J,m <— Sj^Ij^I a JA liLajoi iLjj .(1997 c>=>J ) 4JjSj1I 
aj/nUlj B (jj J_>fll (_gj i KiV- -^J-^J ^^faAl (j-aSJj .eLoiu (juj^ll Jjlill (OB4) ajjnUI aljl^J 
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JjjoiSjj^jA a.liuja)jj 4 'ijhjll CllUjjjjill *_a JcUjll e^J^ 4jjJajfc xJalLa (jlSLiLaJ Ia£Jj£ ,-i Li 

(j-.g'ljjVl oIa JaJiai (3 - 4)hrs ix^lj 50 C° >Jj^ 4_^j^j 4N <jjUj NaoH ^j-all 

LR- ^j s.ac ^Ijjl Jtc oj& Ci 2 H 7 16 N 3 ^jI^I <i&yj LR-115 <-Lil£JI U 
(12-13 ) j>^— • u>j (LR-115IBjLR-115II BjLR-115j LR-115Ij 115 II) 

Sj]>a> ^j-^j 2.5N <jjI^*j NaoH ajj^jj^aJI u^jjOaA Jjia** ahVi.uL <_Lil£ll 11a U*a 

Ajuj^A\ CliLjjjluJIj 4_jj|pJI iliLjjjpjjll fjja. (JjjUSJ <_Lil£ll 11a a.vVi mJj c5hrS oX-alj60C 
<J^.hj s-Lallj 4_jjj1I j-i ajjjjjjjjllj (jjj^ll jj£[>J i—lLuoa. ^ LR-115 II a.'lV ..nj lill Clil aJ . na.j 

.(Nickolaev and Ilic, 1999) V^j^JI CjUuJIj JjLull 

Ploy t ^-yJ>JJ^ (J^Ji O c ' i)^" J^J ^ a ^' AjjjJaaJI t iiTilj£]| (j-a UJ^J J^I-aII ' iuujl£ «1*J 

1.2 4_jali£j 300 |im o-o a-Ia^ ^jjJLj (C 16 H 14 3 )n ^JLia^II t-jj-SjSlI 4_lj Carbonate 
(jjoioVI ?r L mil (Jj^j (jl > j>jj (j-">^ j^^b (_>*i<al IaAA^.1 (jl Vh i h t a nA£3l 1-igJj . gm/cm 

\Xq} Ja_iiall 4_jLafr aJJ t<=v_iJalj jjLjl ^ LxJ l-a-a dll&j. 1**1 1 1 A 1'ql liLlij «_J1a1I j,~) >^ioll 1 g V ja 

4^j^ AJc JjjIjj^I j-a 20 % £-« KOH ajjjoiljjjll .Umi^jjOA tj-a 80 % £J-oJ ejlc t ft *A£3I 
Cibj^Ljill jLj! Jj-> ..n j^i aXraJI t L^ljUl j-a ( L^ISJI lift 0*jj .4hrS S.1a!j 40 C° S)l>a. 

.(Barioni eta/., 2001) ajjjjjjJI jj£I>j oAjSj uj4>^ iw^*- 4 ^ a^klouj jlLuiu^l Lliuij 

<jalj£j (Ci6H 14 03)n ^jljoj'sll <j£yj tAJ jAj^aJ l c^ Uj . ^-s . l lj Fission fragment jlkAWI 
AjjLjjiil (j^ajl uaiJ l (j^uu ^ Jjij jSLJI ^ liljlwjj (Tsuruta, 2002) 1.2 gm/cm 

a_ya\ 4,r,\r,i"\\ ^*j (—ajJulSJL Jalili.^1 (j^-4Jj t^ljS*lll ClUjjVI jJJJ jjj-alll ( _ s ic- a; Jail 4jj 4jjIx«j£1Ij 

• aj|_)^j hir i >i (j-a 4 in-^ a (—Sjjia i " 1 Vi 4jj^Ja 
(j-a <£iL«j Lai tCjVl 7> «\1) (j-u XjJ*1I ^-3 a.'lVl ih"i i^j^llj 4 flg «>H <Jj i >t>1) <— Lilljfill (j-4J 
i ll i^ill ^^/l "i^LlI (_gjj_ill <_a_ill£ll c<Jj=v_i1a1I CllL«u_ja»aJl a,1 j^> ^jlj> "i*ij Art uj£ (j^ajl—^xi. 
. t_ju5l£jl IJA (j^ajl i ^i-sj CllUj^aljA ^jjj Jjj^aajlL (^Kl'lmj AalLaJI IHjoiJjJ ^ji a.'lVlmrtll CR-39 

CR-39 JLilsil 
1978 -Ic. 6 1a ULy.l>i ^i a^Vin, fl ll CR-39 '.il.nll ^Vm^l ^jjiil lJl^1£]I j^ 
j . aja « jAj aj^jj SjU jx^ s;Ljc. CR-39 jj -(Cartwright and Shirk, 1978) lM j-* 
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Jj-Sjb cJ_aiVI cjl_jjjjl£l - ^)_aL1I 4 jUr. j-a uAJil^ll 11a j .^j .Columbia Resin o-a 
1.32 <&&j (Ci 2 Hi 8 7 )n aJ <-^iM' a„Vj . ^1 Ij Ploy Allydiglycal Carbonate Ai*l»il 

ajj^/I aja£jj3I ajLu^JI aJj .(Fleischer etal., 1975) gm/cm 
O O 

I I" I" | 

-CH 2 CHCH 2 0-C- OCH 2 CH 2 OCH 2 CH 2 0-C- OCH 2 CHCH 2 

Diglycol . . . Carbonate . . . Allyl . . . 

i_jjLau CJj^JI Aal .Ajj£jj aUalJIj (jjiilaoj Aallxll AiiuiLoj^j Ajji <-i\\\ 4jj2liAj t a t1\\£l\ I^A J±au 
<— LiilS jA CR-39 (j-« Jj-iaxa <-_Liil£ ?r UJI aJ .133 t t a ^ilf!3) IaA q\ > aAJj jJjJaJ <_UI (j-a a Ac 
PM- ^-aJilS jA Ljajl jjJala ji.1 e_Lil£ ^Ijjj ^j L£ CR-39 j-o (jlfti Aj^La^ jj SR-86 

.(Szydlowski era/., 1999 ) CjUjjjjJI jc uLiSll aJUSI aI^U^j jtiaj ^ill 355 

a_JU1I Aj 1L4JI CjIJ aA .^11 > a mJj^II tj-o a-*j CR-39 t « *A£ jli ^Lc J^-^j 

(_5j_Jac l_u£jj jj ^ajijj t a ^il£ll 11a (jj-£ j^-Sj ^ ujjjI i—ujoJI ,_gjjuj .Ajj-s ^i<\\l Clil <n i ii-s IS 

AJj^joU j i a£jjj Uj mj AA«jJa JaJljjJI sAAj t a ^il£J) e-iLs j-ajjjx ,-i (j_aJjlfl3l -iaJljJ /Jc- L5j^^ 
,-Jl (jjJjlSJI Jajljj (j-a t if i ^-i) Jajljj JLi.^1 aJJ Aj-ml i aa I) 6.1A o^Ujlj p U_il^U Lg_Jaj*j .Ijfr 

i^Sj^\ Uuiljill j-o jjUoil jj£I CR-39 Uuil£ ^ju^iI tiUlj .^JaLJI ±u\jiA\ fcJ <;* ti AjjSjj 

Aj^alj^. JjIajj Homogenous Aj^Ls (J^jL=o je- ^iL^aa yiiJlxSI ojllillj ajji^jII AjsliuJI - 1 

•Isotropic 

^LjJaS A q^-s rt CllLiUaJj (Cllljjjlullj CllLjjjjjallj lill ClLaJjoiA.) f- IxjuDU A_jllaJI AjJ mbuaa. — 2 

(j-^is (0.1 - 20) MeV AiUall tj-a f-^b ti-i-^j o^jjaII cjLjjjjJI jUjI Jj-> ■ .n jji AjjLIS jr. 
.(Durrani and Bull, 1987) Aju^JI cjlijjliill LoiLa^ uAj^IHI 11a J*=o 

.High Resolution aJUSI AjLLjJI yjaJI - 3 

i " 1 aj A Lya Cll|j_aal A YyL X-ic A JjJajj aj|j_^. A 2kjJ (j a A_jjaJI J aljaJu JJv— JJ ^ ~ 5 

a£-«_ui (jL^aki J^Li. (j-a J ^"'J Jj AJaoilill AjjIx«j£1I JalLa«all ^^3 i-Jjlj Vj tA jaujjajl <— ajjJall 

. la uJjJI AaLafc ?.IjjI 

l_ajj^ jj In o j Cross-Linked ^ — ^^ 3aj\j—Z* 'Thermost a — jjj^s. AjjI^j — ml a — 1 - 6 
.(Barillon etal., 1991) (Amorphous With* 20% Crystalline) 

j-a j n^ll ^J aOaj ml aia CR-39 t a miI^II 1 ^£JloJ is A\ Cj|3_iaa1Ij (j^jU^iJ] |>kjj 

LT^ UJJJ-^b UJ^b^li pj^bj^' J^-L^ C>"^ <_T^ A-ah-sl ml l^la tCjVI ■> *\\\ (j-a XjA«JIj CjlLuLdjI 
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(Barioni era/., 2001) A-j^SMj »L4, (Falk etal, 2001) <jj3j1 ^j *UJ alj-. ^j JjUJ 
^j — jallj (1999 <y;jj — &1\ ) ^1 — illj (2002 <^jj_^b ) jl — '^ u — ^^ cs — *J 
cjU^JI <> Uu£]| ^a f ^lou US .(Khan eta/., 1988) cjlikiJIj (1999 c^^j^JI ) 
(jj (illiSj .(Sadowska eta/., 2000) l$j±\ ^jUjjIj Lill d UajmAj cjUjjjjjK ajj^ .Ull 

AaaLjijjiaJI ?r .jUill ,_9 »jj JjJJIj ajjjj_jjil JJ^JJ ^W^b SHJ-^' Ajim*)} ' (J*- 4^>jUI juV I cJj~> i n"i 
(j^aU^ajll jj£>J 4-iUaa. j£- ^/Ua9 c(2000 c^y^jUtJI ) (jlluiVI ^ ajjjljjl j-J^JJ l -r l ^ ulA <j-*J 

.(Henshaw and Allen, 1994) JULVl jtiJ ^i pb 

jIaLs (JjIjS <_£>U\ (j-a AjjJaj^M Cllj^gJIj (JjV)JI (3° j .'*'" 1-^^ Uaxa t L5il£JI li& ^*Jj 

.(Planinic etal., 2000) CjI^JIj Jj^jll j^uj ^1 q±A\ ^i 

Ul H uJ (j-a <UjaJ 4_L« <ij3j A ■> M (j^ajjtJ jl (J-&J P T - J ^> a ^ CR-39 <— LilSJI AjaJLuU Lo£ 
4_Lul£ll jLj^I (Jj la <ul IAA Jjjikj Jl 4 m a 4alaj Sjpilj (ji alia (_gjUu£ (Jjla «\; h uffij jl HnnVI 
IjJ* aJaj nij r'n^ (10 - 30) nffl (JJ-J rjlpJ J-J°*iS ' . <—Liil£JI jjc <iu9.j W>^ l-Jj^U 

u_Lil£il (.iVimi US .(Durnate eta/., 1994) ^1 t> AajUaj^JI l£UJI <_U^ di^l <-»jSI£]I 

.4j«jU1| jjUailu 4jia. .jxj .1 1 aa 1 1 /jjIaII ^-cU.mii) Jjj' ■Vu) ,-i 

jftj a^SS 4uL£ 2.3.2 

A \\t\W 4jj -SMiftll Clll aj > aa SI jl (AjSjj uiSbi4ja,laj) AjjUll 4 jl i aJI jl^JI ^i Xaj Ail 
J.lVi i nij Usj AiJUJI ftjji i <n\l ^^IsUaII 4_Jai.^U (j^-*ii JIj-aSI ta-JJ i^j- 3 UV)jj-a XJc- jjUl ^dJJ 
(-ic- J-**J 4_jjh«\jS a^Uj 1 {luU Jju (-jjjJall j^ «\1) aljaj mu jl aj_iibu (-JjjjSJ^/l j^ <\1) 
LS lc Iamj V (aj)J i^i"l«\\l) <il\jll A_kJalall J^-^J pJ-J (jjj .5_ijSiLajl <— aJjll ^^JaUs jl^Jajj ji^ 
4ijJul£JI a^Ull pjj ( _ s -lc- J-«J*J Jj i~Jj>aai (Ulla t"^j Uj3Uaj Ulli£l AJaSUJI Clll <\j i aa \\ Cll^yila 

^ cUlj*JI (j£. XJaa x<u*ja Ailtill (JLUJI ^»^s. Ul .(Durrani and Bull, 1987) aA^>1\ 

p-^Ui ClutjJaj Ail . H ujjll <j-«jj a miISI) (-jUuSJI (Jj la «\ 1) *j|>^ 4-r^Pj j^Pj P_P LS - ^ ' 6 -^ c '' 
<UjJaill (jjj ^lj-all iiLSj ^j^ jLjVI Q>^J jj midJ (JJ^W^' ij- 4 AjAsJI (JjS (j- 4 a^AjtLa CllUjJaJj 
4j uiUVI JJ iJal! 5 iLla 9 <Jj iJac!)UI jlj all u 9 j_J^/l JJJ ^J JJ uoiul ajjl uoll 

J_j9 j.^ ^j_jLallj Ion Explosion Spike ^j-j^I jUaiJ^/l S)_ a.j <-jjki ^^.a 
^jls^ AiLia jjjSj ^ SjUSI ^i AjjtLail CiUajgiaJI jjjx uii jj .(Fleischer etal., 1965) 

4 Xi.j-ail Clll JjJ^/l jl ajl SjUc-j j aj jl 1 <Jfc c4 JaLj-all Clll JjJ^/l j a <Jl— fr j_jSjJ ^ \r. 
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?M US IajLoiaI ajjl^-all JjIaliAll <Jj^ Ajtlljll *La^l i s\'\ <\\l Clljjill CllljjjaSJj o^Ajj i-JjjJaJ ClljjjVI 
aj_all <J_ *3J (j >r> J 1) l^ >Ja*J * a ^jSI jjj ,—Jillj 4 iSLj-ail Clll JjJ^/u 4 liLs 4aj|_jJa ui\ A iiaxa 

.Jaiiail AjLaaU UJU-<u£ 4iajl*»a .i*J ,gJjjJa3l Jg •> <\lu 
4 SjSjjI 4»<uja»aJI <Jj^ 4jUr. (a) cJj-«J '"I)'* jIj^I (JJjSj <LiLac. .xjIjj <Jj-oj (1~2) cJ^-^b 
i—jjjjj <Lijx 4_iLutJl s^A ^Jjj c^ <\j i o-^t U jLoix <J_jia i^jic- Clijj^ll ujI^jjI ujU .iljj ,gj}lj 4ij^ uj <\ 1) 

. (c) <J^aJlj Ui%*\\ 4jlafc Cj.iau l^klj (b) l]S^\ ^i US CjJjj ^all 4jj|jli^l CjIjjjSM 

^ . $ (' b J f c j 

o a *± o c ,^ O ££^ V -^ 

o o */«, m j a V/ ^oV o^^ °; °*^° 



a O p o o c o o^ D- o o a,^ 



v O Ot "7 

O, ^-^ 






U— J 



■ [Fleische: m al. r 1975] ijj— Jl j^t 
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,* s »j]i pin .±ii»i, 



jjlilljajll 



tjjyau (jJi^JJl ,-< rit a ( _3 I g t lax i *— a A ri/ij-a jj_aSJ l!jI_)JxjJ^a1I a^Aj jjx^J^aII /j£-Jj 1 g > ?it i A-a 
lg_Ja^*j AJC j niMl 4lg in a^a^l 6.1Aj c(H-C) (j->ij^ tlHr'JJ'^* OJJ^I Igjlr. i_jiij ^UaALoij 
a^sjl jjXaJI ,— ujoij 4_jJlLs AjLxi Clsljlgj Clll-i 'ajjr i ^ Aj^ajjjj (JjaijLai LgJC- 7?J-JJ l—a-a p Isi-j^DU 
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ill. 



c^ rs — s- yr 

jl Degradation l$t>Lajl ja cjI^uIjjII iS k. \*J&1 ,-mujjII jjjuII u s ^ ^ -(1993 cx^a-a ) 
^gi 5ojoujj1I cj|jjjijJI (j^uo ^jI^jjIjJI tjl^Aj '(j^aaj a- 4 ^ '^*; Cross-Linking I^jUj)^ liLLiu 

^1 Jjjj Vj jaJj-JI oJl-o <*i Damage t-LJj cjI-xjJj tl^iu Bonds -Wjj-ll £-Ja3 ^JLilLj 
Jpaliail q\ .Latent Track <j-<sl£ll >jVU jjj^aII jjVI 11a t-s>*jj <3j.jLuc.VI i-sjjJall 

jjjo^jjjjA JILa 4jj]S1I JjlU-all a-x (Jclijll (J _lc jj£I 4jLli J^iaJ ^jj^aSI plsuiVI JJjljJ AilLlI 

j-a jj£I AJUa 4_aJLll (3lsLi«3l tiWlJ i.iiuii liUJj 4 <nl . nil jpalialL Ajjlia NaOH *jjjj,».aJI 

■il-JJ-J LjI UJ a fl ACJjoU ^tt,,, i'.'i <\ll JjiaLuul (jjjjiio (-jLuu^ll (Jj la <\ll (jli Ixl (4 <\jl mil JjlaLuul 
(jj^-all p l»_iaDU (Qjj""* <\ll)(j-al£jl ^jjVI eJ&Laus (jS«\]j r> ujjjl (j-aj S-jLj /*— « ojJai *_jajjj 4.q <\r. 

<j^aJjj]| jJjaljLoll (j-lc- pl*-kiVI jiJU TtjJajJ (2"2) J^ '"'Hj ' \j' -**" Jg "> "H CjAJ ftjl^Jal ^XJ 

.(1999 « j^ ) 



,K?^^r'^r>^ 




4j^>*j1jJI J*^UJ1 ^jjjfe ^Ln^Vl jeb ^u^.(j2-2) JS-iil 

(Fliescher, et at., 1975) 
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SjUI j-» Ul£ kuil Jelii 1.3 
Interaction of Gamma Ray with Matter 

,^-jll <JjLoij]| lS±z>1 is& Radio-Isotope <».^ll jjUaill j* Ul£ AjtJil cjUjjI ajLc j] 

jlowi j* L^JISjjU lilLj L^K jl L^iaUa <_>a*j j* Excited-Nuclei ^V^SI t£j^l W* oqJajj 

(jjiUalj Cm \')t\\\ jjjjiSI 4JJUa3 bjLous jjjjlLaiASI jjj (_3_>ail UJ^ii '"Jajl j"i ■ » « < __ s -i) AJJUal] Jlc 

sl_A J—afc h lx> jl .lillU 4_^aU. t a .*lj£ JjaJ ..J j__« A_i^ At ..*VI sl_A sX-wj A_iUa 

Jx-liuil liA jl (—SjjjtAll j-«j K 8 *il£3l a-iLa *_* LalS AjtJul Jx-Uj Ajj^Ja (_g.Sc. X«u*J t a i*lj£ll 

jlw>£ a_>Ali.j Photoelectric Effect ^jj^Jajj^SI ^aLLSI ^Aj 4_«jjj JjjJa cj^j iIaIaj 
Pair production Effect ^jj — 51 ^1 — jjj Sj — &Ui j Compton Effect 

.(Ewan, 1968) <(Bertolini and Coche, 1968) 

Gamma - ray detectors : Ul£ 4juil t_Luj|j£ 2.3 

__2jJaj SjLxJI *_* pl*_jiVI Jx-Uj Ixxa <_g-lc 1 (_S«\r. __gj lSJJ-^' pU-jiVI <— Lj^IjS Vn i in 

jjj-a (JjLa. t a ^)l£J) a-iUa (—3 ClljjxSI _7J J(_*\j (j^'-J CjLllaC <c-5c 1-<U*J c<.alc. ajjj^aJ tt a i*M) 

,___& <a^«3I cjMc-UjII _jla cUl£ <*Jil t iiL JjU*i ^Aac. ^ u' J^-^f J^ 3 ^' u-^j -U^ pUjSVI 

A_i2 (__jill _jiuj£ JJJU H nun jl ____Jtl. (jl <jLj (j-a liAj (jjjjiSI AiUal ^^ jl«lS3 IgJS ■ *< Wj (_gjll 
jjjLu dOlc-liSS! (jl _tjJajj ll&j • /_, "ij l-<li«-ajj^il putj^/l jjJjS filial /gjj^ 1 (J-' 3 ' ■ ^ "I U» ^^J 
_____Hil __gJfc Clinic liull oJA j-4 ■"Uaolill SAj_>aSI CliljjjjfLS^U (*_uiljlll (j^aJjjtll AJJUall __£.i-<sj jjx«_a£ 

4 ? j'-^j .(CANBERRA, 1978) Ul£ ^*Jil < LaL Jakj 4aLc ^j ^jjc^ j±. cJl^ _ j J«j 

<_alij| SjAfl Cllli jj^J jl __gjjjj^aSI j-4 l a ^il£JI e-iLa jli Lal£ AjuuiV <llaljll jjAjall Cll^LaLtAl 
jj i aaj __g-Sc J-**J ' '" *'^» ajjij - 7--^ S^Sjj jli iilS^£j sin t a uj£ a?.li£ (_g-Sc jj t ^ — » — > W A_iSlc 
(JjlaJJI a_)J2 l^La cLalS <«jJul (__iiil£ juii.1 lie 4 «\(_ ^ jj^J a^l*J-a t>*ljC liiluAj .t '^iMl (j^alj^. 
4jjj_]'q"i id^/Ij 4_iLxaJl 4jl-^"i in^/l^ <jjJU J-*ljCj >> j <%7>*"ul 4JaLja»Jj i_ujjall <Sj(_ mj t '< i^SI o?.li£j 
__g LkaJI jxj Slj jJXuj ^ jiJl J Clinic 1 3j (_g Sj __gjj Jajj^£JI jjjl j]| lIlAc! 9J <J u»jj 

.(Adams and Dams, 1970) c(Siegbahn,1965) 

>ilj£SI /g-*j tt a i^SI ^lj-a j-a jjcjj __JI Vn i in l-a LjuIc L-al£ <*_iil _jjL}3 A _uaj jl 

.(Mann efa/., 1980) cjX^ajAll sbuil uiiljSj ^jjaxajll 
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Semiconductor detectors :ii5La>*i! sUuif uuiljS 3.3 

<jX (^Jj Electrical Conductivity ^b^l Jj^jjU LgijUa i . v ■ aa j|>JI * aj . aj 

• <ljl*JI ^IjaIIj Alj^a^ail 4jjJuj 4li-aj-a]| c,~& <— al L ^i) 
(JjUaJ (_j-Aj aj)j£.i-a]| ^Ij-all ^j-3 AjJUaU 4_aJii«a CllLaUaJ C1l>Lj ^J-2»J £>^ ^~d>^ (J^>^ 

Forbidden band jjJ^^-ail (jlkillj cjLjjJ&WIj Uji^ j_a£j aix.j Valence band ^alSill 
ajl^aJI cjUj.: ajc. cAjjjSSIVI J-* LujiJ Itjla jj£j ^ill Conduction band Jj-^j^I Jj^Hj 

.(Ewan, 1968) ^Ijll 

1 <\g IjJ Aajj ^5 (jjli.lAj-4 Lgj3 Jj-^ajjll (JjUaJj 3^'-^l (jUsaJ jl_J 4 1 i r-ijjal\ .ilj-ail j j aJJ 

^_a Lai .1 gjlr. J^a. (jji LjImjj ajc. ^L^iill Jjj^ajjJl AjJIc- AjLla dili lillil ^j^i jjh^ ^ (jUaJ 

(Jjj^ajlll (jUaJj ^LSiil (JU»J (JJJ (J ' ^"' (AiUa aj^ 3 ) JjH^. fi JjuaJ lillLiA jli Cll^L^aj-a]| sbuil 
V ij 1.1a. j>^£ jjJoa-all (jLkoil <_>a>C- jj-^J ^JjUJI «l|>^l <_s4j '(~ lev) Jji-j^a (J^LM- - L - '^ 
ClijL^aj-ail sbuil ^lj-a a-iajjoij . Jjj^ajjll (JjUaJ ,JI 3^-^' (JJL^J (j- 4 U^^ jl ^*JjjjfLL/U (j^- 4 ^ 
a.iLa]| ^ji AjjSLall ^.aj^Ji^l AJLLia jV Lal^ AjtJul t ajJa J^J (^ A-aJttJjowJI (—kjilj^ll *jj^a ^ 
jl . t a iTilfHI o^Lu *_^i jjjjill <j£-lij 4_j3 I'thj (_5-lil (jjiLutaJI jl a-g-ail £>a^' Jlw <L^aj-aJI 4j_ii 
aj^2 . jjjjfLlj ?rljjl j-a _>£>^ l^C- l^J^ Jj C5A5^ ' ^"'^l S.iLa ^L-a 4_LaLa»]| 4jtjJu^l (Jfrlij AjLaC- 

Jjj^ajj ^aliull jUaJ ^ 10" 12 Sec UiJ l^a. a^^a 4_iiaj a^la JMa. electron-hole pairs 

jjj ,gJUj££ uW- 4 Hi ' ' ""' 4Jajailjj Clll la ujjl 6l& A-Xaao pJJj J^^J^' (j^J ^)*3 ,Jl CllUjjjSJ'^l 
^«_-a /£-*>-£ (j_oJj2 jl (jj^. iTirt -> j i aa (J£ t> c ''-SJ U-J^ 4 'MU^ 1 A ' '~~.'*' t«-^ c ' UJ ' ^^> ' ' <— LiilSJI ^ iLi 

(jx- L^J^uj (jl *il 4 hi iii«\1I 4_il]jil| tglc- \)-±& ^-r^)-^ ^-*^*J a^JjJ-ail Clil la udl A_iAaj (jl 

^1 4 jajjJI ^ojou j-a JJL IIaj Leakage current t_j>jaull jLiJ S^bj ^1 c5^3j fj^ ■ 1 ^' 
<uLac L^ia Ljajl ^ji>.l J^^*« ciil'^ Mill ^.a^. 4_iLac 'ta.ljjj .Signal-to-noise ratio ^j-> >>y\\ 
a jUr. iiill£j c jLaaj^l <-ii]ja o-il-j)^ LglJLala.1 JJj ,^5-^13 Recombination aLaai^l o^Lcj 
SjiUa |>^i-lj <— Lil£ll ajjJj ^ L_uljJill ^>a.j jx <ajU]| Trapping ciilw ^11 (±\)U i^il)(j^ia 
(j^Laj LjjL^£ ^l_a«a L^jjjSjj dUa Mill ^|>j 'j; »-ij dj^ajj ^^jjl Polarization l-jILSj .hVI 

^j ajjjLajaJlj jjSAjojII SjLc aji>J mj .ClUa i^ill ^ ,„«>■> <J-aC- <ilc-j (_5-i*J liAj ^ \ i aV I Jl ■> t\\\ 
jj H^. «\ll (JjUaiH jjir i ^>ll (jja^tlu jl » i aJJ jjJ^Lail jJJlA j_>^ CjjLk^j<aJl ftbuil <— LiiljS x ') t r-i 
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,—L LaJ Ig i .t^ jj (_£J-^I Clsjjj^s ,_j| <il_jJal ajLilll j-a 4_ulfc <jkjAj I flgjlr. (Jj i ,r> 1) (j^-4J l-a£ 

: (Knoll, 1979) 

3.23 j ^jjjUjaJI Uuil£l AjbouiL 2.9 eV <W ^ s j^ ■ UJJ^j £jj -^i^ <*pU' <SUall - 1 

.SAia. AjJakSI AjIaIoiVIj Sel&llj cAallc la^J AjLL^I Sj-iSlI — 2 

Carrier <Ua ull cisM-ala. s.UL j^aj Qj-£] j^W <AM aLauIVI s^Lclj j>-'«^ 1 *nl <\r. — 3 

•Collection time CiUaJill ,*^h t>j t> Jjlal lifetime 
jUaJl <j^j2 ahViml jjc i-jjjauil jLjj j-a JiL La-a High resistivity <Jlc <*jLa-a La$J — 4 

jj i<jujxj> oj^ ^''^"'^ £--«■?> <jlac- jV lillJj pulse rise time j±^*s * Ja±A\ j-aj j-aj — 5 

a Sj^JI u Sc Sj jj£ 3 jLIS cjLj *JS\ s j & <ilij aj 

•High electron-hole mobility 

OUajA] »Ui1 bi£)j&i JjljWill SjJAil 4.3 
Energy Resolution of Semiconductor Detectors 

j-a (jjjjlixa jjjiLla jjjai. <Jj-a3 i Ac 4jj1jUj l a ^il£l 4aLia*j]| 'ajSsl) <_aj*jj .o_o^3 . jjjj£JI ?rjj 
J-aljfc 4j^j lillloA . <_ajil£ll J^J aj-ial (JjljLa W ^*,^ Irs II (J^JC- -i*Jj ' La^jSUa 4-aj2 i ■ n-s 

i^j Mono energetic AiUall AjjIaI Ul£ AjtJ;^ ^qjkll kaJI <_>aje SjIj) ^ ^aLuj ajjoiIJ 

Electronic noise <jJjjj£JV! gn-y^l - 1 

t5 iJa3l Ixiil (>»>£■ SjLj) (^Jc ^jjjil^l ^j> Jail J-a*j jj .amplifier noise jjj^I jU^ 

;4jjS/| 4_ruj£i3l 4Jd*JI <_£>Lk j-a 4_iLLu]| Sj^ill tr ifc ^jjj^I^I ^j^jJall jjjIj l_i! a jiL«Jj 

AW=e(iVc/2) a5 (TXi/x^) ' 5 (1-3) 

CJjlaJI x J ^ Aa Mill AJ^6. Nc j S>ai . (jj>&!j 2"jj AjIjjI 4_ajMJI AiUall ^ e jjl Jj 

Charge carrier life time CjUa .*ll ^LL j-aj J^*-a Xj jRC shaping >j^-aii cr 1 !^' 

,uJuil£ll J^U JliiJVI t>j x s j 

^jjj (_$^3-J L^JJIj ' '< uolSJI -iJ>JJJ ^ ijHI LaJI (J^a_>C- ^j-lc- ^a^jJall jiiU j-a Jjlq"ill jl£-a^ljj 
4j«jai jjj 4, A 1 'ill a^Uj j^-«J LaS .(j^a^iJI I^J JjLoJI j^jjlill a^aJLuUj H-JJjoull JUJ j-a (JjJAJjl 
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j j£ <\11 l_L> *illa ^-LJalij /g-J-aj CluU julku riJ^-iJall A i ajj 4jt_ui ,_3I t 3 mlflll qa 4aijiaJl 4jJajill 

.(Ewan, 1968) ?i±l^\ 
Statistical Fluctuation in the Number of Electron-Hole Pairs Formation 

j-a (_^uJ <jla < a ml£3l a^La «_x AjUall 4_pU.I Lal£ 3.»...*l (_lclflj .1JC 4_jl ^g^jJ-iSI j-a 

^gi 4jj]>=> <iUa^ QjJjill Ailia (j* sj*. plu^a liUJSj * Lil£il a-iLs (j/s ^ alia <\ (jlael ^3 JfrlsuJI 

CjLjjJ&WI JjS j-o S-IIjaII aj^ai . tJLLH^j Hjj' ■ i " lc tr* '-^^Vl C^ ^ ^ lifc . t a ml£]| 

^ ^jL-mJ t_jliij jl t_tlaj Jjj-aa. ^1 ^j^j Iaa <J£ .primary electrons <J\^\ ^ SjJj1<JI 

.4jjji f-lijjl t L^alLa .lie ^JhII JasJI (J^ajC- (j-a -iJJJ 119^ (_S"^lj ' L^lSi) ^ a^ljxail lllliauuall 

A_*pl\ AiUallj E AJafll ill **J&I AiUa 4-W.iJ l$JC >£?*jll iJ^aj ^L^VI l_i1jJj]| <-ajS jl 

:aj3\jJ| a£>U11 Uij Sj^i . (jjj&ll jjIjj! 

n = (^)°' 5 (2-3) 

4-aja I'lin^ Aai i (Knoll, 1979) (0 - 1) jx? <laJ £jj>£j Fano factor jjla J»U* F jl Jl 

(jl . (jj^jl ' "11 0.5 J (»JJJ>-^>?^1 0.13 (_£jLoU Lgil Ij^jsljj f.Lai*JI (j>r>; <Jj2 (j-a IjUr. _oJl2 (JaIxa 

. (jj^jlmllj pJJJl-^J^H £y* LAJ 0.1 /jA jjli <_J-«ilje_AJ 4-a^kjjoiAll 4-ajall 

jtjk) J^lje - 3 

A Lla tila i ^g-fl i_£)tLa.Vlj ■ '« -*K\I Sjl_x> ^_i (j^jLaull aAji Lg-ia cISjI_joi (jjjj^i-ail (jjLal_*JI 

«_A=k sjjoij <_kJil£ll ?Jajoi ^gjc Lal£ 4jtJil JajLoi a_jj|j <-J^>laiklj Depletion layer <— aljILuiVI 
.(Siegbahn, 1965) <—iJil£JI ^Jajoi jc. «_u.<JI j^.^oll a*j iiUi£j Saljlail ciil la ^11 

:SjliIII AJlc ^.joJUjaJI lx^iIjS 5.3 
High Purity Germanium Detectors 

(j— a ^j-lc-l <-SUal 1— al£ 4ji_jJoI (j_fr t 'a uSJJ 'o^L-aS A^ahVi ml 'o^Lfc J_jJaij ajJJL-ajaJI jl 
<_a|^JJjail A qh'lrt ^^ (J^aaII JJC. (j-a 4jli <_Lil£ ^ ^gilSI ajajLajaJI aJAJuoiJ LaAifcj .lOOfeV 
(jljjaul jl <_a|^aol CllULaC jjlfl lilSij .<j^Lilc.^l <-_iiil£JI Aij^aj ^gi dljjLaoLa AjtjJaJ (j-a K <\ i a jj£l 
<j] .(10-15) mm ^gJj I^-Saui lU-^ cs-^b ^-^l- 1 <iLla ^gic Jj . <-\~* II J^l ja CJj_aIaJ ^3 aj^LilJI 
(j£J t Lal£ <*_ill <-_al_l!al CllLoilja ^gj 1-Ag-a Q>SjJ \)^& ? 1 > ^»J (jl (j^AJ Ge (Li) <— LiiljS .-» ->^. 
gjj J=JI 2- JJi^l U^ J * Ge(Li) <-• iljSlI aJ & u 3 u uyjjllj J jajll J laJI 
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(_jl A_aa ClijAji. *_ la u-^' j-aj i'La^Jui aj|>^ 4-r^p AJc |^aj_jobu ^j-jc- ?cj ■ ^->j pj J U'' " • *-~*" jl 
Jaiaoj aJaJuoU (jl i . i-^j <_ki*iljfLll 6.iA jli Cajjijlll (*JJj"J e^lc-l t ■ ijnii Ajjl-ill 4qKi<\ll ^j (JJojj*"*uI 
CllUkj^ ^jjfc 4Ja3la«<JI (Ja\ (j-a JjLoJI jj^jjlill lillil a^aajoiJj t jj^aliaiL] 4aJalj <Jj|p> CliLxj.'i ^k 
.iL*J jl UAJ <jU ajj^aJI CjLaj.i plijjl l_JU mj k_L2jlf"UI ^i Jla. lll.ia. Ilj " «-*KU "LlJalj <Jjjp. 
(j-a ?r,u^il .iii Iajjc-j i_jLuiiVI 6^J . ajjijlll (<— fij^ajl) jLuiuJl a^lc-j (JaI j-a Ajti^a-all 4£jjii3l ^gjj 
(Knoll, (J^-^b (J^ OLmiLJLj <JjJJa fill <_ajjJall LaDLs Q>SJ (—LiilfLlI IJA jjjJoj (_gjjj_Ja]| 
4_aJaxu (jJsajX- jl juLuVl jUll^L«-<UI jJ-fJj cajLi°ul /j-lLc. pJ^L-A^aJl <— Li*ul£ x '\ i r-i aj Jl .1979) 
.■".."iIaJI 4-ajlLJ tJ *JJjall jl?JI A-a i—boiLulL) Jjjj oILucaJI Ajjjjill Ojfc ( p— n) 4i^ajll <_a|)jlai^l 

d = [2eV/eN]° 5 (3-3) 

p\r laJ (SjLaa IgJ ( _g"ill <L*ajll i-JJIa ( _glc (C1lAjI£ jl CIiLaIjI -ijt Kill JJ^JJ iV (JIaj Jj 

oMfrl ^gi aJ^IxaII 4jt& j^Ai i( prf = l/e(J„/V ) /> » K aJI <_L-^a3I <ju1 ^-ajlia JoaJLuiUj .^gJalj 

rf = [2eF(iprf] ' 5 (4-3):^Vl£ 

.Jajoijll JjaJI Clulj e j L_s|)Jl1uiVI AiJala Q^Jf- d J ^alS^/l Cll^LsLaJI 4j£p> |J, jl jl 

A_Jlc. T^u^aj A-ajliall jli 10 atom I cm (^jlj^ t^j ^J^-tH"^ t^-3 i— uIjj^jI j^j^jj <JS IJls 

jLxajVI ahVl mb 10 OTOT (_g-S) <— fij^JJ-"^! A Shu (jJajX- <_b-*aJ j' j-^- 4 ^ IaAJCj 4_jSl£ ajj-j^aJ 

.1000 Vo/f t> J5I <n}j3 JJe 4^*11 

jjjjj Ge(Li) <— LiiljSJ O^ijiall aj -^ "S II A_A 4_JjlLa 4jl*i ajt*^ -^1-^1 j^AAJl j-« '^H^J 
ajjJlA^aJu o^Lc- /-C'Jj jjjill ajajLajaJl ^jjl-i CliU t a ^ilj^Jl 6^A . ajj nil) (j^aJjsu ojJaaJ JJJ-*1I 

(jAiLS j^i jVI jUiuJ^I 4jtjJj ^Aj tHPGe > L^ljS ^c-^jj (SjLsjJI ^JLc ajajUpJI) j! ^Jlill 

(^i 10 atom I Cm i_JJjJijll j^a ^Jaljll ^ jj . a « \l l 11a Jju> jLa-ij (J^ajilj .LalS pUJij <— fija 

^aJiaJ 1 1) oil a.jJJLajaJI \)jh *\i<-\ JJC lAjLvJJ ajl"l mj Ajjlfr JJC- CllLaiLa ^illi^a 10 /?/?m ^-jj>« 
P- pjj (j-a jjSj jl (—31 (J-jaj ajliill 5_ill*JI a^Lail sA^J j_L-^3^a3I Ajuj lIiLwsIja jj . t 'a^ilSJI (-3 

5 jgnrtll i_j jljjjill i_u LaJ 1 «l iil lijtype 

.<jaij a.jajLa_pJI ^J 4jjjL1I L-lj^Mtll f5_ApLaJI) <ia|^a]| 4jjli3l j£|^a]| t_ UjoU jl (ajjiaWI (JLs) 

(J^alj iJl jj_£j (g SJ I-JJJ "till ^LjjJ uiA (J jll*1 U— ^1 j « jVl <~LlJ XI J ±& a. j 3J lill iAj 

(Siegbahn, 4_ru£jjJI t_ija*JI JvLa. j-a (di^LsJI (j^a*j ^gi) ^L^.,. Jl ^ ajajLajaJl 4jjLj^£3I 

.(Adams and Dams, 1970) .1965) 

4_x<u2 D.C J fl"l 1 11 ^ JJa t^a jl—JJ A— jl /g lc. <— Sj_*j (_5^_llj j Jaj q«\ll i— lj„. i inl) jl-JJ jl 

jLilll 11a (3i«JJj <— LillSJI <L^aj |_g-lc- /g- ■ ttS*jl jLjajVL '^ili^ Hjl n)*i Jjfc jg hj joaaIjjSjLaILi 
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aj|^i. A_2kjJ lie ajjiLaja. <__Liil£ (_£l allij_iail (j-a >> LaJ t(<— LiilSJl 7T h i dj /j-^l aAAJI (j-a <jiL 
4_=kjJ lie Hq^.") jju ejliiil 4_ule ajjiLajaJI t a ujIjSj ?c <i i nj ajj'nU) (j^aJjju 4-ilje (J-^J 4-3j*JI 
<jJalj 4_Jj|p. CllLskj^ .lie. (—Liiljflll oi& Jiia. (jiLal lij (j^lj • allaj mVI Clllijl (jjj <ijij| o;|>^ 
(j-a <j_uijj-<i jl <_aiiL<i o>iol (_$l (j- 4 ' *" *'l^" tt hiol (_g,^ g-a ClijJj Clsj-la. i . \ iVil lill^j jjj <\") i iiu 

.(Mann etal, 1980) U>ull U^l£JI Sj^ 

cjXusjaH oLuil i_Luilj£ ^jLuL4j ^ujI^« 6.3 
Advantage and Disadvantage of Semiconductor Detectors 

I^^L LaJ LgJL^.j (j^-«J l£J*>\ \)£& (jj^l^-a lillioJ <ili ^Uall Ji^iMI 

.(Back ground radiation) AaiiiJI <«j£>U 5aJalj 4 j .. iU , ^ - 1 

. Ijini'i <*jjjoi Ajlaj CliLJaoi /Je <L« (Jji aaJl AailfLal — 3 

.(High counting rate) aJUJI i*J1 cLiii3u* ^k Ja*JI AjLIS - 4 

.AjjoUJaliJuaJI Cil)}\-\ t\\\ AiiuiLati. t q-r i ?-> — 5 

cAjjja^jil <_Lilj£ll aLa^.1 ^Uiaj 'iji& (active volume) <JUi aLa^L Uyuii^aj q£ju V — 1 

. (JjLaJl (j^jjlill ojj^a. 4aj1 /Jl (Jjir.nnl) eLul LAJj^jj i . iaj — 2 
^jJe 1 g ^-s^ j* ual (<JUil AiUall) ajj.i^ll dlLl-all illli Clil <n > aa SI <-ilsjj is lc- UpJ^ *•!& — 3 

. Lumi 4a]l*il IgaaljS (j-a pejil 
(4_Jc Aj^j^/I JajLoJ 4 a>JJJ ?r L mil cJ^ljJ <— iJj I— Ujou) Uj mi jjj i <-A <_Lillj£JI ojjSs j-ae 1*J — 4 

.(Adams and Dams, 1970) *(Mann eto/., 1980) 
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p 



m 



pijid 



■^»a 



L// 



LS 



JJI 



*Ji 



II 



I iLu^JI 



'J 



t 



4tl 



-iLiLuJI, jJoaJI f jail 



^IjIIJmJiII 



La£ cCJjaall I.1& ^—3 < " ' " ^"' ■ Ml /j-^ <-Jj n - ^ a\\ S^a>Vlj ^Ij-all LJajc. J_^aaJI I.1A (j-a_JajJ 

. (jj"i o ~|-V'i 1 1) <\ll (jiliiaull liKJ <j^alij| LlluLoiaJlj (jjjljillj <_>a*JI As^jla <J^ujJ 

jj^jjtll jjjj ^j j -^ \\ 4_pl^. flll 4_aJaia]| 4_^aLkjj (JjjjjtJI (j-a 4_rijiaJl A <\W\A\ jl JJa I aJJ Ail 
S^J^j cJ-J^J ' ' j ' ^"J ClLjJa^aj (_5-jllj 4-pj*_ja»]l ^gjj Va-j^aj (t-^^LjoJI 4_Cjjia 4 'qh'i<\\ll l1i_Jj£]|j 
,*— a^> aJ /j-Jjl JjlaLiail jt-JajJ <JJ^ I AJaJj^Jlj . I.1A I Ha J (—3 4_ui|jAll 4 <h'u^ t -1 * A— >*i oU ajjjjjijjil 
Jtoi AlIaLa) (_j-*J ^ aJaJuail JjJa (.j-^ ^!>* < "irt-s (_s-^ c - 4-£Jj-a tlulS CllliiaJI sisj tlg-la Cllli«JI 
cAj^sLiill jLlxaj ,— aiaaJl 6JJ-1^ ,—jilaiaj lj i^ a I — (jlji_^a (_3_£)Ja lSJ-^J ' LS - ^ "" **— ^Lr' 
. I ?r LJjja. Jjla. j q^ ^ jl ?rLJjji. <Jaa-a 4_a±aLaj c?rLJjji. A ]~i-> aj ,. <\H*i) sjj.i£ (Jj_j 4_aJaxajij 
a^aXall AjjfLamJI Llll-la-aJlj dlLL-llI (j^it J Cllliii-aj LjLL (j^a Aj-la. A-la§ ^^-Ic- CllLiixJI ClllaJ_iilj 

lg,T,rt-> aJ ,JS]I dljj«JI .i-ifr jjlS Jalj ,Ajj£jo»*JI Clll-la-all s^A (J^aaj fuJajJ Ajllall jjj^allj c 1991 
CllLiiaJI (iljj i*n-s L ij c^aiala <J£ (j-a ' " & ''j 1 *- (Jjj-4^. A^IjJ '■^ c ' 25 t>^kc\ ^ ajjSJ-aJI jJJIj-all (j-a 






< f jj^ 1 ' 



W*3> 




Xi*s^l 



3^1 



' 






»1 ^^ 




(2001 'lsjj^I) lfi« CiUpil fr^ ^ ^311 jtliAll ^j2 (1-4) ^pJ' 
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jLiliuaJl; jJ*«Jl f >aJl 



/HljllJaJill 




^JU^j 4Ja«jJI Ji* AlJala £* ^J*-"^ * J *-* (l - 4) »JJ^1 




j^aS aI &\jL^ Jji^ 3 (JJ^ 9 Mjjlaia ^a 4jjLuiC aJxa (2~4) »;>^l 
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-iLiLuJI, jJoaJI f jail 



^ij^i 




Aj^Uiil jUaaj ^olitll ajj^£ ^yjiLl* ^a AjjIuiC- aJxa (3~4) sj>»-ail 




4_i4LuiJI jUaaj ^lO^tll »jj^£ ^jjllala <j-* ^iA-^ * J *-* (4 - 4) ajj*^il 
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-iLiLuJI, jJoaJI t >aJl 



^Ml^ljadll 




r Ujji AJaa-«j ^iiatitill »jj.l£ £jj AJalaiaJI <j^ 4jj£j_u£. aJxa (5~4) ijy^\ 




AjJjjuJI ^i) ^J>ail JJJJ^I o-« VJ^W ^jA 1 - 1 ^ ^J*-« 4£jaxa (6~4) SjJ-^l 



45 



-iLiLuJI, jJoaJI t >JI 



^ij^i 




rUjji 4Jaa-a 4^Jala £* ^-iA"^ * J *" 9 (7 - 4) 'bj'^ 




^jJUulil AImj^I Jii. 4JakLs (j^» 4jjLluC- S^jus (8~4) \yy^\ 
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jLiliuaJlj jJoaJI f >aJl 



^Ml^ljadll 




j^aS >\ &\jk*a (Ji^ 3 (JJ^* 4j»laia £)A AjjIcuC- S Jx^ (9~4) SjJ^l 
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CR-39 Lxil£ ^uiu o-^li tfe^l 2.4 

XoVI 4Jj>^ l>"W^ ^i>^ UJ-i-«J*-« CR-39 t.il.^ll cSjjjll jpVI t-a.Mil£ ^uiJ ahVu.il aj 

A^aJaj i ■) <v U Clil nt 1) (j»«i sjjAj ClmaLail (jj-ijJI jlc. (j-a 4jxjua3I lill Clil «\j i aa jbl (Jj-> > >n <J^.I (j* 

275 <iLuuu CR-39 UuS,t£JI r >^" ■-< ^ jj .U 238 fj^x^ i£L»jV ^jjkti g3Ull ±u yjillj 

Clil mil t5 Jj lg_jJajj*j liLSJ Aju al_d c(lxl) cm 2 AjjUjojIs ^L*jL A— La (J _Jj A auJaAJJ |J,m 
0.5x10 /gJI U J - a ^ AjjaiLaj^. j^ (jj^- 4 ahV i iiu tllJjj 4-JJC <_1^ (j- 4 CjLaJjC. 5 ^-2|>J A^Vmrtll 
t_J_ulj| JX- SjUc ^-A ^jjlj ^m„ *nl l CJl^^s. ^J CJLiwtJI iltf^Ja j .(OWALBOR) £jj gm 
(1- <J£jJoll ^ji 4jauJaj-a La£j 2.38 Cltl J-La Clsli jLuaJVI ^jj"> ~*> .' <— «_>*J (jSjuojl AjjIjJajoil jlfii.1 
ttJojoij <iixj| TThni (JJJ <aLoi-a]| (jjS elcj^a *-a 4_JaUa-<i CjljljuaU alfL^L Clljj-^ VI lilij dlilc-lj 4) 

^jAaJ (Barillon eta/., 1993) 9.5 cm <_g-!j ^jjL** i_Lil£]| <*ka <ua CjuuJI ^gJiJI jIjjJI 

(yHjall) yr^ 1 UJli^ 1 ^ t> 98% <^Jj Jj^jU tillij Ujj 22 aXal CJU>JI Cj£jj aj i£Aipl\ 

t L^ajJ I jac jl ^JjjxaII qa jl i Oj^I jjlkj t>> AjIjJjj ajjjI^I Ojj Secular equilibrium 
^hV Jj lxA\ sIa C±i ua .iSj 3.825 day uj-^j 1600 Yrs ^j^=o J-iA 3 Ra 226 ^^ 

2 jjVI ^U £yi Jal ^ uj'j 311 2 &lc 

A «„ = A RaW-Z ^ R "'] (1-4) :(Azameto/, 1995) 

0.1814 t>j\SLij jjjjl^l lDUjI Caij X Kn j '(»jj^I 4alcla A Ra j 'ujjl^l Ajlcli JL«j A Rn jl Jj 

• uj!i^ ^^ <^j Jj^j^ jtP^' t>l^' j* t j i day " 
i " \ ii ^ (_gj^.u i"u,\n inlj 4£jjo»j dihlxuJI cii*sj Lajj 22 AJLulj (jjl>lll (j-*j «^ U§^jI ^*-*j 
jlc. ojj J-^lflil U^j (jj^V -!aj>^ ^hV..L Igglr. alia.) ^j CR- 39 c_Lil£JI <*La IgUmb 

?Jajoi ^jjj AiLouJI plL Slcj^a «-a ((jljJj^ ^ii.WI JJ^J^I ^Jc JaltoJl) ^sjliJI t-ij-s ajlj Qjjl^l 

. ((jiaJ^sull ajila) LsjJ 60 SixJ Cll|p^JI Ji.lj <_ajj|j£]| Cj£jj liUJ 0*Jj . 9.5 Cffl < LJjlSJIj <JJ*JI 

.hm^jjJjA J>ia-<i a^Vml Aal . I^_j3 4_jj£la]| jlj^/l jl^ia^ SajuJjJI AjlaC- I^jjI <_kjjilj£ll dial; aJ 

^i ^jjSUI j^l jl^lal <jLc ^ 70+1 C°hb^ <*j±j 98% Sjliuj NaOH ^Ull ^y^l\ 

A Aafc u 9 <S Jaiajl J JU-JI j a J «J jl Cjl jjatSl A ^jxaII t_s Jj£l\ £ LS 
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JlLilauJI 4 jJoaJI s >ill 



/Liljlljojll 




- 2. 38 - 

Radon Gas 

4 4 4 4 



Sample 



CR-39 
Detector 



h (9.5) 



cm 



ku,\)*l\ ^fl <U^lufaJt jUiVl MjjjjI ^Jajj (1-4) Ji&II 
NaOH CjI ijja t> 25 gm^JJj ^2 aaa <. 6.25 M jJUIj -L^lail Jjk JJ i_jjlkJ JaSjill J& 



C = 



W 1000 



.(2-4) :(1999 <>*0 



cs4i>^ ujj-il W eq j ^l>iLj NaOH ujj W j * Jji=^l jjSjj j! <jjI^ C ci^ Jj 
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1 g 9jiaJ aJj cjj la <ill (j»a (—Liljflll ,*Ja3 > " I » 3j ij ClilfcLoi a_jjI o.1a1 JaJikll 4jUr- djj-aiail 

• 1$j2 AjjSiall jIj^I i—lLajxj Ajj^ t\\\ e.i&LLall -UlaC- l.iJjl jMnll eLalL Jj^. <J^-"^ 1 g 1 1 aC- ^*J 
4^Loia1I e.ia.jl <_kjjil£ll ^Jfc ^JaaLoJI lill Clll rtj . .1^ qC a^Jjlall 4-aJaoiall jllY^I .ifr aJ .iil 
il u i*K\\ AjcUj^I 4_ikJI ^Lj2 aj <iU lilli j£. X^aS .^La.vVi ..mil CjLuxll <j^ajjt-all <=kjll 
CllAlx ^jjll Ajlajll a.i-allj Lgjojii AJLjJallj alfL^L Clsilc.|j Cllliiscll (j-a <Cjli jbii.1 5_j_aajl ^ ,*^aj 
-SjJ xi 4acU ^Vl A jiLkll Cj il J 2j .ClI JjaJI ^j a.j A 11: 



Li. 



^_iA=Jj CliLuxll ^>?.j <1\^ ^ LvjIc- UL*aa ,^j1\ jIjVI 4ili& j-a l$-^>i» j=jj 217 Track.Cm ' 
AjS Cjliatll ^ 4j*iLall lill dUoiaaJ Ajulall jl!SU Ajkill 4ilj£ll ^Jc Jj.^^ll Jxl j* CJ^Ull 

(_gj L^aJ j p " (»l^ iujoiu 4jj g_a <\ll o^AI k^uall 4 ji-ac- l -^J ^J -4 uijj^ll 

:4£UL j^a-all jojSj ajS JjOaJ O^-aJj 400 X JJj£ SjL (ALTAU) £jj 
400X = (10x)x(40x) = Auu%\\ ^aOxll jjjSj X 4)mll ^oU*!! jjj£j = jn^"ill fijS 
JOx-a ii.lj Cllls-j^ill 4JJ.i ^j-a J^tlll <_W.I ^ UJ^ 4 ^—D^fi <— i^lj^H ^ jUs^l -iC- 4jLafc (jj 

,uiil£ J£l 4^L*all aO^jl U^^b^ J^l ■ : - ifc 

CJbUaJI 1.2.4 
jL&JVI ^ ^^ -1 

^J^aJ (j-a Aj^/ 6^/Lel ,—3 ej)j£Xall A j'lVllu aj_p]^llj (jj.ijjjl JjSjjj (_$j\ ma (JjLjS (j^ajjcl 
■IaIxj ^1 t_£jj^ <-a_aJaxa (j-a t in^j jImiTiV) CluU (jl Jl . -Ca^iujawiJl A-ajJalail K jl.Mn'iV) CluU 
^Ij-all JJ^JJ jl Lalfc (^j«,..yill)jb£jyi ly**l (jJaSlI ( Lx^jj ^LaJJ^I) 4j , a Vigil ^UjS/I ^^Jt 
1^-ajxa.j CllLiutll Jj£ i"n'qj La lij 4^ajH'i<\ll 4j m, Vigil jLuyi ^^-Ic- -i-aJ*J V CllLustll ^^2 4jt_iLall 
CliLa^jtll t^ij <joi|j^1I sAA ^^i tllaAaaml ^gSlI jLi-u^l aj7>^.l K jUi-u^/l CluL ^J^ao aJ .iil .<lulj 

.(Azameto/., 1995) Ajltill 

p=KCT (3-4) 

^Ij^ll jjaJI ^J qj^J\ j£j> C j i jUaJ^ I cjjIj ^ j Tr.Cm " 2 Sj^jj jIjVI ^i^ p l&^ ij 
Tr.Cm~ 2 .h~ x S^^jj jIjVI <it^ J^«-a D J^ Lxua sec y«Jull o-aj T j c Bq.cm 3 SJ-a.jj 

£> = P Z = #.C (4.4) ^jLoij 

/ 1 - 
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,3Lilmdl J ,jdo*lKj»Jl ^^^^^^^^^^^^^^^^^^^=^^^^^^^^^^^^^^^^^^^= /LjIjII Jttdll 



jUaJ^/l i^J "Lua.%11 .jIju'VI ^Jj bUlwl 4J&\ <£&*1\ t> ^ jU**"u*VI Cjj£ t_iLo^ j£«j US 

.(Barillon etal, 1993) 
^ = ^r(2Cos0 c -r/ J R a ) (5-4) 

AjjI^II j 1.19 Cm sjl-lLsj jUiail aj->^^ A^aJaj >»t\\\ 4_jjjj^I jJaiJ * *> > ■Vi r L&S -^ 

^i lilt CiUuo.a. ci^ /?„ j (Durrani and Bull, 1987) 35° Ujl^j CR-39 Uuilll W>=JI 
:4jj^/I "ILUaII L-iuoa 4.15 Cm lSjWj Rn 222 j> 4j*jua3Ij "UjUII *lj$JI 
fl a =(0.005£ a +0.285)E a 3/2 (6-4) 

• MeV lilt CjlxUjga 4ilL. J1«J E a jj ij 
(_gjljau <JjJall CjI.1a.jj jl.Mn'iVI CIijIj <-«j2 jU (5-4) 4_].jIxa]| ^^S pJ-iM si-A q^ojju XJCj 

<_luoaja ^Lul CjIJ cj^UJj ^..jT.Mnll CjJ>»aJ 4_luo^JI jUjS/I J& x&u ajV K = 0.402 Cm 

•iltt £j < tf = 2.084 Tr.Cm' 2 .h~ l / Bq.m~ 3 J 1 J "H 5 &^ 

s^Ul cj^U-*jI ^ 1.^1,^11 i%uu*l] Luj tf =0.0348 Tr.Crn 1 . d "' /flg.m 3 



: (Barillon eta/., 1993) 4&UJI ^IjaIuiU flg.m 3 cjI^jj ^uu&ll Sja^ ^i tiilSlI ^Ja^j 

D «„-=f r ( 2Cose c- r/ ^) ( 7 "4) 

oa ^lj (Po 214 , Po 218 ) lili aU^uaJ 4^U1I jj^l cjIaJj J^lp ^^io Uja U 

(-JC- X<U*J l$JJ m'l jjl (j-4 fli^)Jl /j-iC- 4jA& <— Lil£il 4^J /Jc- jl f.J». "1*111 *J>?^^ (jb"^"" k Cjj" < ~r Xj ^j^ 
i tii^i'i (jj^J La-lic AluS (jjSJ IgOA&laui jjl Cjlaijj.j]| jj-u .lie ,_2 ^j ^33 <A^*imrtll 'aj-\ -\ II .jUjI 

A-aALows ^jjajjj .1 Cm (_y> y£±\ <-_Lil£JI jc- 4jj*JI i*Jj \ACm "UJljJajoi'VI ,» ,j», uJjJI <i>?^ j^ 3 * 

j_£|>j l-iI maJ "LJtlil CilJDUll ahVi ..1*1 Rn 222 jjj]>-S' j-^l>J ^1- ■ ^ <^-i cjIxJjII sIj^ 

.uLSKll a^jj •Ljljk-.'Vl SjaaJI ob^ c^ ^J»*H (Po 214 ,Po 218 ) CjIjJjJI 



D p„- = D po- =^r[-*'-]Co S e c Sj^JI ub^ c> (8-4) 

D Po ™ = D po< = C 7n- ll -](Co S d c -^-) Uuilill ^j ^..(9-4) 
4 r + /i /?„ 
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4 jjVI ^ £1*J1 Jlaj uob ill ii*JI ^ a (jj-jj; 51 j J^JJ jl aJ j Iaj 

(AL- Bataina eta/., 1997) 
C s =K n C a ht/L (10-4) 

j-jaJI ^j-a Qj-jJ^JI j-j^jj C a j ' Bq.m Siajj i1iLjj*JI J_»,ta Qj^JI j-^>J C s <Ji Jj 
j_rsJI ^UjjI ftj c0.1814 day c^jl-^j uj-^ J^Lkj! CijIj A Kn j (.Bq.m 3 s.ia.jj cs^W 

60 ^V^ ^ . J« . *nl l (>aj £ j cljjjaj 1 .5 Cm -Jjlaj >Aj <ij*jl i j Im« L J 9.5 Cm L^J^^ii c^li^l 

.LajJ 
liLSJj fig llll.la.jJ <x>laj mall illLjjaJI tj-a «jLj3I tjj^l^il A -LjcbuiVI A_jicU3l jLaJ (jiLoJ LaS 

A R „=C s y (11-4) 

F=7ir 2 L (12-4) 

• 1.19 Cm A^laJjoi<aJ) f .jT.Mnil s)fj> J-^ ' *<■■-''' T J ' m olajj A m 1) pJva. V jjl .jI 

»ajj|jajj*| j-^JJ Ljluia. —J 

:<£Aj«JI (jjiN Rn tjj-^y •— j!p ^-^ s- 1 ^^- t>° -^ ajjj|;jj]| jj^jj J^jV 

A fc =X fc JV fc (13-4) 

j^c ^Uj| ^j Secular equilibrium l^^jVI j' Ideal j^U' ^cbuiVI ujlj^l Qjjla ^I-j^I^Ijj 

:<U.jl»_a]| (j-a •La^Vimrtll CllljjaJI ^ ajjjjjjjll llljji 
K^U=Kn^ Rn d4-4) 

tlliutll ^i ^jjjjjjjll q;j Ui .4.9x10" S'ec -1 yliiuj ^.jjjJjjjII <_£>lajl CuIj A^ jl Jj 

:<£1*JI j* s^UjI c£a£ W v (gm) 

W u=^ L ( 15 "4) 

av 

6.02xl0 23 mor 1 ijjl^j jj^jal .nc Jl^ N flv j U 238 ?j±]jj& ( J&\ n*JI A„ Jj 



AjJ^I AiDlxJI alaJjoU ppma-lajj tllljjxll ^ji ajjj|jjj]| JJ^JJ .ilaj^J 

w. 



C u (ppm) = -^- (16-4) 
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jLilmall j jJoaJI e jajl 



^rjrjaiii 



Jlx£3! ajjjl^l (Jjfi^A Ljlul^ — Jb 

j i .Vir. (j-a Lal*3 4 'n<ll <jjia>j La jl-lLs jJfc 4 ml) ( _fl C <jL*i3l pjr!^lr' LSj"'^ " U' 

(Azam etal., *-±*i\ k£k*l\ j_a Bq.kg 1 cjIx^jj i_j uajj q^jIj ^1 Jajj ls^ fj^Pl^ 

1995) 



' Ra 



p 





•(17-4) 



Jl still («_» uSdlll (J^J *-^ U l) ^c J '** ^*^ ^ j-s )ii nil 4a1 uoaII a J !L«J jj 

:4£UL ^Ja*jj Effective Exposure Time 
T e =[T-l Rn -\l-r x - T )\ (18-4) 

■fjJ 54.494 Jj^h 
HPGe SjliSlI ^llfr fjaiUjaJ! JLilS fl-Ivlmlj Ul£ 3ju&{ uiJa JalaJ 4a&L CJlmUJI 3.4 

(JjlajJI ajA3 i"n^ (j-a 'e^jALall Igj^alji* LgJ dpi la <u) s^3 cLal£ 4jtiil i*itfi (Jill ,_£_aillj jj^auxll 
jj^a A .najjl sAA ^gj ^aJAJjutojl 'LajJaiall (JjSjjj cAjJaljll ClllaUall ^gi <Ja*1I AjjlfLsj j ^jljjjl <iiUj 

(2-4) JiAll ^ 4^^ USj <M\ sj^Vl 



HPGe Detector 



L.N 




amp 



Multichannel 
Analyzer 



H-V+ Pre amp 



LalS 4jul\ i_flJa J^iaj A-ajlaia £»uajJ (2-4) Jluill 



High Purity Germanium Detector Sjlilil ^Ic ^joJUjaJl i_i*il£ - 1 

ajj^aJI 4^kj.i (^Jj 6A£>JJ <>a^ U£MJ^' <-^ jal 'ilSJ^ Jj*-a>« CANBERRA. 85 4^-jJ 

. s.LJa_ajJa3l J^J <_U*^ e^' <— 4jil£ll ojjL (J J& JiliaJl <UpUI 
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High Power Supply AalUI! SjJ&l j$*- - 2 

ajjjL^JI <_Lil£l 3200 Vo/? lfrJu>j3 (j^j <— i-»2il£]| Jj»„*nl <-apUI <jj]ja3| j\^ aju a._jij 

.(0 - 5000) Volt (jJJ Ajjljill ^jjJj t5 Ic. jl^aJI IJA (JjJ^Jj Sjliill ^Jlc 

Pre Amplifier ^IjjjVI f^all - 3 

<— s_iil£ll (jj_j 4_stjLuUI 4_aj|_^ ^)2>J >— «^ '&*)» "i j jjim (-JI liDj (_g^_jj LgJ i-j^,l )<-it\\\ (jijj_iiull 
eAjj ^gj 4 "nftftV liljjj <_Liil£ll (j_a i_jjISLj a^Lc ^1.11^/1 a^jJa-all *_Jajjj ^ UJjjl a^jJaAllj 

•Signal-to-Noise Ratio ^j->-^l J] 3 > J-ijMI Ojj <amu!I 
Main Amplifier (j-^ujjJ! ^oall - 4 

<jaLj-a 4_nJaSj AjJj 4li.l^llj ^gjljjjVI a^uJa-all (j-a 4^jlill Clsbjaiill Jjft'n jlgjaJI li& ajJL 
Uni. A_nJaa]| 3_j.}laj fr|>^j Jp!^ 3 ^Jj 4_j3 pLiajjJall Jj^J 3 Jajjjl JjfLiuj ajiL La£ cAalLai jl 
A-^jUJI AjJafill 3jt_joij A_La.UI 4 iJaJuJI 3jt_joi jjj A_Jaa. 3j£>lc. (J _jan^>3l aa kJaJI <-*Wlmj .Polar 
JJJ*"' (jfLaJj tGain ^-^4 AiaJOJl 4_iJaiiIl 4jt_iai ,_3| 4j=kjliJI 4_iJaii3l 4jtjai jjjj AjjoUJI i Ac ^glhjj 

cjjIjII jjJuJ ^ULs (J J& jL^=JI c^jiaj LaS Attenuation Factor JjAj^I J-»1c jj^*jj ^jjJI 
.1 .Sec ^i-jll caj^il jUikl ^ .£, (0.04 - 10) Seas**l\ <J Time Constant ^jll 

(CANBERRA - 85) 5 Jj^ (MCA) <%ail JJ*2. lil^t Jl*- - 5 

4jt_iil (—alaJal (JjlaJtS aJiaj ujJ a-iixa jig-* jA 4_uo|jaSI oi& ^A aJaJuutojl k—iLJaVI <Jia-<s (jj 

4_jjjSjU cjb^U cj^j ^Jcj aba 4096 ^ lSjh^ CANBERRA *£>S j-o j*a-« L»l£ 
ajLi^l <=JU^ o^a.jj <ua diUjLuall a^ajj Ajj^li ^^Jc. cIiUjoiUJI jJajjou jj Micro Processors 

jlgjaJI l.lgJ Aji 1 "J lr ' *)^*^' •^• a i ^" :> *'' "'"'I *>^? , ^'j j' & "> " (_JJ-J L^.|^i.l j CllLajLtAJI JLi.^1 o.1^jj 

. Sjiuall Ul£ 4joil ejyat Jjkj j^ <j1U1I 4jj^3 
4jt_joi (J-jiaJ (a-A 4 \\\j < fll *i . > f-i I <j^j ^jjj (—aLJa^l J la ^ CjLoljtaj-wil t ajj i ^i"i (j^-«jj 

4-ajlSj Multi Channel Scaling a^a*l4ll cjljiail ^jj^jj Pulse Height Analysis 3 .^j'iII 

aiv-jJa^ll j-a 4 JaaJI Clil JajjJI ^LoiL CliljJill JX*la J La mil ajJj jj .List Storage cj)-aJ' 

LiAa al_J liLSJj 6jjV,.> a <- <u3 Xifc LLD (Ji "iti J_iaa1I j-ij^- 4 '"' .'"'J .plstjiVI ' '» J JaJ 4_uj-<i 
4-iua .j i aSl ^jc ULD (_gji*Jl ^)j-<uUI ^)jJu^«i «_Jajj I ajqj f.Lja_jjJa]|j AjelxjJu^M 4aiiiJ| CllLjaiill 
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ciu=o «jjll T-tiLs J!)U. j-a Dead Time .iLaa.yi qaj aJaijj ciil > >>y\\ i_iic.l JaAj ^^ <^j <S 

• (j^Aj La Jfll Qj^J 
cj^a. <J I jL^Jaj ^Jfc Spli 85 ^ij-ajl eJLJa^l J Ua ^J CjLajl*»a]| jl g la I 4_^.jl jj 
4_a.jl3l sXA LJJjjj jl j-£-aJ lilJ^ (j_fr jL_Ja2j 4_a.laJI .lie ClsL.ajlt.ail jj-a- a>^l^ (j-a jl la a 

:4jj^/I ClsLajLt-allj 

Vertical Full Scale (VFS) gj^dl jjj^I - I 
Expand And Window Functions * aJaJI £*">jj yj-o - sj 
Overlap i_l£]^3I Ij^a Jla Regions of Interest (ROIs) "i-n-ala ^LaiAl j^Jalia - _=>. 
^Jj \fi\i J,* cjUjIxaII Jiil Transfer Function Jiill S)^>j jjjlla-a u^ 3 U£ Function 

<J^.i3l 'aj^A 4JaLoijj l^jjoijj^ i . llhn aL<uAI <aJala 4j| ,jl jjjjJu^ail liLjaj (jl£-al jC- ^AjJaS (_£J^*\ 

•Index Function 
Energy calibration AiUall S^jbu* 1.3.4 

<jj\jc Siaj (jJj aLiill ajj Jjjaj ^^-ic- <Jj^3 ^^Jfc (—aLJa^/l J La t\\ A uj^jl Cjl^J-all j-a 

o^jLh^s jl .ojjIxaII 4jUr. J^/La. j-a Ajjila-ail 4jjuxJI e.ia.j]| juia.1 jfLaJj C<j2l£-a (j-a) jl AiUal 

dlljjjJI J J^aJ j-a 1 n^<u i—XjoiLla (ffSUa JjUaJ Clsli 4_jjLjC <L» x a ^)_i^alic. aljaj mb <— al jh<\\l 

j-a I gjlc Jjj^xaJI aj 4jjaiuS j^l i r-i n a^jL*»a]| 4_Aa*l CJuaJaJ ml aIj 4_jaijj^ail Clil mil Ig-joiLSj 

(1332, a^ j^lS <^Li (iLSlaj <^iJI Co 60 Jl. Uja ^i IAEA 4^1 <ilUl Ujil <Kjil 
SUS J£J 5JILJI J^La ^lc Jj.^tt dLj 662 fey *JUall ajc Cs 137 j 1170) fey 
JajJai. lilliA jl 1 gjlr. Jju^xaJI aj (j _j3I cliLijaJI ( LiL J!iLa. j-a Xa-j .iSj (keV / Channel ) 
(2205, 4 alia o cjlilL CjIj U 238 aJ.mi.1,., J^UjI j-a ^jUIIj Bi 214 tij-i ^Jl Jjju SjjjS 4_Lat£ 
JaiJI jl£ <ijlial] yUklj 6 j^ ^ Jai. (j^l jlj .1765, 1730, 1232, 1121, 609.3) fey 

.1765 keV <SUall ji^lSlI 

Net Area Function Sj^ ill Covj 4ijlvJI AaLaaJI cjLu^ 2.3.4 

AacU-ii^/l A_iaLaJ1 Tya ^JtJ (jjjol^ail jjj 4jtiljll dll^jtll f-j-aa-a ^ lit' <a.lm«\ll <UL jj 

I^CjLuU ajjill CjaJ AjsL^all ^LoiaII jl jj AiAj l&Jj^aj j^-aJ ^^Ij 

Net. Area = Y j Xa-(N/ 2).(B l +B 2 ) ( 1 9-4) 
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jLilmall j jJoaJI e jajl 



/Liljlljojll 



(Jjjjj .ajjJJI (JJ-4JJ jLjuJ <UaiiJ| AjujVI B 2 tB,J Cllljjill ^^c. iV = (v — M + l) cJj-«j Jj 

.cjljjill AJLiLJI AiLoiAll l-jL^ <ji£ (3-4) <_£^ 






\ A 



iV 






Sjjill CiaJ V^" 4^U^| oUaJ talal,. (3-4) JSAJI 

CiUxJI ^i ^i^al ft ll fjaJ!)jaJ! Jj£jj JjJaj 3.3.4 

Lp (__LJa]| «_ia^jj 4_i}C- u^ (j- 4 10 gm (jjjJ (J-^J-^l -\^ LliLuxJI t <jH (Jjlaj 4jUr. ajj 
AjaL^all A^LoiaII aji (J _lc Jjj^xaJI .Ixjj 20gmL$-J)j < jr jll Ajjoiljail A mil iilli£j ^jik-Loi aXal 
^j£jj (_lLuoa> ajj CliLuaJI liljj ^ U aj^jjjJI ^gjj ^jaj ^jjJI 1765 £eV f-aall ^'iVlrtll CjaJ 

:<jj^I 4XUI ahVi.nL ij.^i^ll ajjjjjjJI 

(19-4) 

(20-4) 



A-2L £_ 
A. ~ w. C. 



c(t/ 238 ) = A^^^ Cv 

A„ w 



c^ljull i^j-lc- ^j-" 1 ^^ ** *',"*"j i-lil \i»H ^ 'iVmll i " 1 Vi 4^, 1.. . i<ill A j A (j-a ^L£ <J-J-«J Jj 
W j ^Ijall (_j-lc- 4j-">L^ 4 mllj Clil m 11 jjj /?/?m Cll.la.jJ i -I .;Vi<\ll ajjjjjjjjll JjSjj C j C j 

.4jjaiLill 4 mllj 4 ml) (jjj w s ' 
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p 



m 



(ULaLzJI (JjL*a&]l 






J 



lull 



Ull 



'J 



t 



m 



,—3 i J i >>'l<\ll aj-pljijjll L^j-a 4jt_j^us .ilj-a /j-lc- L$J "^"' JjLiJ J.^'l ml jl <— SjjjcaII j-a 
4jt_iiiAll ^Ij-all Clljji JJ^J ' A' '".' ' a ' ^SJJ <J^t>*-" <_5~^ 4_aJaia]| ^ IjjJJ 1 -UuU <Jj£jg«JI ClULaJtil 

(j-a .lie. (_5-lc- X«u*j Clilal 1 1) <\1 lAjUiuJlj t a«l$jU 4Jjiall »Uajjl .lie lIuujj ^^jIIj jlje J£-*j t^-^-- 
ajjJrjjjlu ClijJjll .iJ-lao 4 jl<\r. jli cejj^aJl 4j=kj.ij juiJl CjujJa .t-^^ j£. !XjJa2 4 jnjll J<slj*JI 
jl a^jjaL_a-4 Q>Sj U jU J DU (jV liijjj A\i.\s> <j_o£j 4 JU.'^ Cjljjjul (_j.fi (DU) ' J > Vloll 

ahVi.nlj CR-39 lSjj-^I j^VI ' « "'^ ^£ cA^' : j/u'^"' ^ ; '"' 1 *2 3JUJI UaJp ^ 

6.1A JJLa al.^v id) jlj <-_s_iil£Jl »,j»,.m*i (j^)JU eJi^^a JUuuj JfLjJoll 4aJ)jh ml 4_ii.l=kj Clijj -^ 

A-4^kljaui]| aj -s -s 11 A j m, Vigil .ibuVI ^^j-le ^-«J*J (_£JJI .ST jl ml'iVI Cljlj L-il i-\ ill hij Clljj •> ^. II 

jLLSI <— al uaj) jl ji-sl (jl 1—aS . aJaJ m<\ll ' '" *<Kll 4_2k_pJI 4_jj|)1Ij 4jj^> m<\ll dil <\j i aa II i_$Xaj 
AjjJaLjll lIiV^IxaM (-31 bllLail 1 <\V- 1 ( i mlflll rKuij CjUqxjI jJJ AJl m rtllj Li.lv mrtll Cijj •> ^> II 
t a uaj 4-aj|j jg i ill Clj^AA UVrtV-l .lis <alej . jLauVI tdJj ^-J-l^J 1 g J>jaj pj ( _ s -jllj IajLoi o;j£.1a3I 

2.084 Tr.Cm- 2 .hr l /Bq.m' 3 J 0.402 Cm gjjl^ tf ^jfl jl U^jj 1 . 1 9 CmUjJaS 

0.0348 Tr.Cnf 2 .d x I Bq.m~ 3 J 

La£ CllLiutll Lgj-s Cll.li.1 es-^ (JjJal-lall <_j-ie 1 (S * jjj4j ClLijJul jj^j (1-5) Jj.laJI (JJ-JJ 
jl .Clilii«JI Jib (jj^jjJI jj£jjj ^Ij^JI jj^' cs^ UJ^l^' j^tyj ^' i —^ 1 "J ' ""> J^' ^1^ ("jajjj 
9.5 Cm «i*J cr^- - "— Sj^I^I '"n;Ti J^Li. j-u ajj^Xall Aajljhm'^l Clijj-^ ^. 11 ^Ij^JI jj^JI i"nfn aj 

. 5 gm l^l« <_£ L^ Clul£ (_jJjlj tliliwJI j^ 

(2339- oh ^jl>2 uJuillll ^.i 4U,,,oH jlSVI <il^ o^ jj£^1 Jj-^l t> -^^j ^ 
217 c£jlau J^JL cjj\£ ^511, Back ground <^\^\ a^]\ ^ a*j 5380) Tr.Cm 1 

• Tr.Cm 

(jjj f"j|>JJ 4ajljh mVI oj -^ ^ 11 ^Ij^JI JJ^JI ^gi (jjJ^ll JJ^JJ (jl (1-5) (JjAaJI qa JaaJ>b liljJSj 
4_>ui t __lclj ^U.-mll A-L^ 1 J-to> ^ ^'^ j-- D A n»l l,12MQ 3 %ffl" 3 Lui J-SI 

jl UJc .( a^jjJI j-a jj£I SjIj)j ^1 ^rUjj^ AJa=^ 4-ikw j-« W <Ju*i 2.582^10 3 5<7.m" 3 

<_jaj C1ij_j1j <o^aJ m<\ll CliLiiaJI 4_li£ i^g-ic- (j^-^ Ij .\.«n»,j ^Ij-gJI j j^.11 ^^—S jj^|^JI j-J^JJ 

0.773^:10 5 5<?.m _3 CJiL ^ai CJli«JI Jib jjpl^l j£j>l Lui Jal U .Cjl^iloJI 
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uiauJUa-iLi-Ui 



juolajljajll 



t^-9 LJjJi>SI J^SjJJ jI-jV! 4ili£j 4^ijj1aI1 jlaLLJl ^^Jp 1$*jjjjj CAlal) Jj^j ^jj (1-5) JjJaJl 

*LL*J1 JilJj <^J| >J| 



Ojjyt AJUi 4i& 


£jjyt AJUi 4i& 


£jjyt AJUi 4£& 


ijLL*JI Jib 


tlALsdl Jib 


yJljfil JjaJl ^fl 


C s (BqKg l ) 


C s (Bq.m- 3 )x 

10 s 


C fl (^.m 3 )x 
10 3 


216.8 


1.624 


2.356 


138.6 


1.038 


1.506 


164.6 


1.234 


1.790 


103.2 


0.773 


1.121 


163.0 


1.221 


1.771 


153.6 


1.151 


1.670 


125.0 


0.937 


1.360 


142.0 


1.064 


1.543 


139.0 


1.041 


1.510 


168.0 


1.259 


1.826 


137.0 


1.026 


1.488 


179.4 


1.343 


1.948 


129.4 


0.969 


1.406 


173.0 


1.297 


1.881 


184.0 


1.378 


1.999 


186.6 


1.398 


2.028 


231.0 


1.731 


2.512 


229.2 


1.718 


2.493 


189.8 


1.422 


2.063 


184.8 


1.384 


2.008 



170.4 
148.8 
237.6 
234.4 
215.0 

9.600 



1.277 
1.115 
1.780 
1.756 
1.611 

0.072 



1.852 
1.617 

2.582 
2.548 

2.337 

0.104 



p(Tr.Cm~ 2 ) 



4910 

3138 
3730 
2337 
3690 

3480 
2833 
3215 
3140 

3805 

3100 
4060 
2930 
3920 
4165 



4225 
5235 
5195 
4300 
4185 



3859 
3370 
5380 
5310 
4870 

217 






A 
B 
C 
D 
E 

F 
G 
H 

I 
J 

K 
L 
M 

N 
O 



P 
Q 

R 

S 
T 



U 
V 
W 
X 
Y 



A<UJ) 

J — i* 







j^afl fl 



»Jrf«»- 



LT 



JaxJI 









4 k 



^>J 



4__Jaa_a 



£ U J^ 



lillll 



AjcbuiV 
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jlj W AJj*] 231.6Bq.Kg 1 J 1. 7 SxlO 5 Bq.m~ 3 c^il£ ^a ^Ij D Uj*J 103.2B?Xg _1 J 
. l73.76S4Bq.Kg- 1 J 1. 302xl0 5 Bq.m 3 ^L ^Wmnti CjllwJI ^i jjJjll J&2 J*" 

jUJ (_>ajJtjll JjA^. (jc Cjj^iao (ICRP) pbuiVI (jx AjUaJJ 4j3j^l ^aJalaJI Cj^ij j£] 

4_Jjoll *_Jt£jll <L_b£l ^UIj(200-800)5^.m" 3 UJUIj l^j c>tt JI JjJ^I J^U j> jj^l 

jlc. JJ^JJ jl >iAJ Igjlc- 1'lli^i-s ^gjll ^jtijJI 4ja^>La jpsj c«Ua3UJI Ajau^aJI 4-aJoiaj <Jjill AilLll 
ajjJai. ( -l\ JJ-i^u Lax ^^Jioilall .laJI jx- Clsj^a jjifc <J.lx»aJ ,*-ijjl -i3 CliLiutll j-a ??jLiIl jjjjjjl 
aj-jjjjijjll /j-ic- '^JJ^ a ^' k -JJlJ-Sjl alJAJ ml -li^jJ 1—4-aj (Jjj^jul 4_jjlail 4_jjjiaj| A jgjjl *_-a <_>-al*j3l 

.1991 <loi 4jj^l gJaJI t_jja. ^i i-alUall Cj|j3 <Jj3 ja i_JuJalaJI 
6.1A A_^s (J-al*Jj| jl (jiujul s-iyz- j-a jj-iial_aAj| LgJ (__^ajjuj <rJjl 4x-_)^JI (_^a^-J l—aj3 l-al 
(jj_J T-jjj-JJ l_gjl ^-aJ jjjjj_]| j_j£[p] 4_jal£-all 4_fr^aJI i— il„. i n-\ tS^—*- jj— a3 c4_JjLa]| (jjJal_La]| 

>^ (2-20) mSv/yr^UM 4 nnMI JjJ^I j-a iS J&\ jJfc ^Ulj (53-123) mSv/yr 

.(Abumurad etal., 1994) buj£ cjj^a 

Clsjjj Alc-j JLxill a.j_pj^3l igjp-s o j jj-ij^jJI jLii 4-Jcl*_jiVI 4_j]eli3l ft-jJajjS (2-5) Jj.laJI Lai 

<-<ua <J£l£ 0.5166^ jjj 4jc.I*_ij^I 4_delill aai cli^jjjj .iia . cliliistJI ^ji sjj£jjj ^jjJ PJ^bj^ 

jL£ ^-^jjXail CA hr\\ a >^ jl L-alfr W 4-iwi] 4_*j2 (^ScLs 1.1885^ J D A_ij*ll 

D <jj*J1 lO.437H0.Ag- 1 *-«jS JSI jx? CJ lp ^ia fJ j^l Jy£ji U .Ljsj V = 6.673x1 (T 6 m 3 

.W <ij*H 24.021 Bq. Kg' 1 ^jS ^Ij 

(J j3 (j a Cls J_^.l 4 JJJJ 4 uijjJ (jl JJ L^all I'l gj 4 Jl ajl ki^/l jj ao 1 a-aj 

^JloJill 4Jx«jll (^ii^j pliui J^j j^b s>*-aJI) ^Ixa cjLui (Saleh and Meqwar, 1995) 
aalll sJA jjj (_2_>iil jlj (62-275) Bq.Kg _1 jjj C1i^.j|^j ajjJ^I j^in j' t^' HJ^I (cs-ifr^J 

(j-a 4 jn.lll (J^ljxllj i_J^aJI ( _ £ lc i " 1 i ;-> ft ^yjll 4jjyall apill ^jJI JjJtJ -13 1 $\\c. \ ')\ i ^r> ^yjll aaillj 
6AA ^jJ aj_jj|^ll JJ^|>J (j^aLiajl ^jJI ,_5J| A! tllljjuallj CllLLaJI a^A (_g.Sc- aS|>i<i jl-JC-J jLixal 

.CjUjJI 



(J j3 (j a 4 uijjJ Cj £>^l J 93 (_3]j *1\ ?rjl i. ,_gj i.1 (3^' i* (J^a ^J ' «^3 

cjjjjII ^ ^.iVimioII 0UJI jIj-q (>a pljjl i'iUiii Ji^JI JUJi Ailala ^J (Azam gffl/., 1995) 

_^j|jj aj J^yi j i&ly (jl J r'J ^— 3j '' g^3 a, j Jjj^l j £•[£ (J^l ^SJ <Jjl Lailj 



l__ L. 



j£\J> jl^l^^ l^k UL^a ^1 gttall <J^Xa t>j (0.289-3.138) fi^.^ -1 
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uiauJUa-iLi-Ui 



juolaJIJa^ll 



fjifyjjll ^j JJCj JUill ^jjJ^I j!j2a-»j OjJl>il Jlii 4j&ljuSiyi 4J&U1I £*2ajJ (2-5) Jj^aJl 



C u (ppm) 


W u (gm) xlO" 6 


*• 

A^ xlO 17 


C Ra (Bq.Kg l ) 


A Rn (Bq)03*bU 




17.49 + 0.25 


87.541 


2.212 


21.928 


1.084 


A 


11.18 + 0.20 


55.902 


1.414 


14.014 


0.693 


B 


13.28 + 0.21 


66.418 


1.680 


16.658 


0.823 


C 


8.170 + 0.17 


40.839 


1.033 


10.437 


0.516 


D 


13.15 + 0.21 


65.746 


1.663 


16.479 


0.815 


E 


12.39 + 0.21 


61.951 


1.567 


15.541 


0.768 


F 


10.09 + 0.19 


50.446 


1.276 


12.652 


0.625 


G 


11.39 + 0.20 


56.930 


1.440 


14.358 


0.710 


H 


11.07 ±0.20 


55.348 


1.400 


14.023 


0.695 


I 


13.52 ±0.22 


67.604 


1.710 


16.993 


0.840 


J 


11.46 ±0.19 


57.286 


1.449 


13.844 


0.685 


K 


14.48 ±0.22 


72.388 


1.831 


18.132 


0.897 


L 


10.44 ±0.19 


52.186 


1.320 


13.085 


0.647 


M 


13.96 ±0.22 


69.779 


1.765 


17.506 


0.865 


N 


14.85 ±0.23 


74.246 


1.878 


18.600 


0.920 


O 


15.05 ±0.23 


75.274 


1.904 


18.868 


0.933 


P 


18.64 ±0.25 


93.183 


2.357 


23.379 


1.155 


Q 


18.49 ±0.25 


92.472 


2.339 


23.200 


1.146 


R 


15.32 ±0.23 


76.579 


1.937 


19.203 


0.949 


S 


14.91 ±0.23 


74.562 


1.886 


18.690 


0.924 


T 


13.75 ±0.22 


68.751 


1.739 


17.234 


0.852 


U 


12.00 ±0.20 


60.013 


1.518 


15.050 


0.744 


V 


19.17 ±0.26 


95.832 


2.424 


24.027 


1.188 


W 


18.91 ±0.25 


94.567 


2.392 


23.714 


1.172 


X 


17.35 ±0.24 


86.739 


2.194 


21.749 


1.075 


Y 


0.775 ±0.05 


3.8740 


0.098 


0.9690 


0.048 


Z 
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aljaJ ml i—)J mJ (jj^til j-a <JJjiaJI 4kLia]| ^ji LujSj Clij^a jjic <J.i*»aJ Crtijjl ^3 ajjJ^SI 

.1991 <ijai 5_jj\!lil ^aiaJI l -J>^ (_si n^iill ajjjjjjjll <_sj|ia 
j D 3 ljj«-ll 4-<ua Jil£ 8.17 + 0.17 ppm jjj r^in f_H^bj^ J-^P u' ^ h^^/LaJL jj-I^JI j-aj 
^JLuill <L«jll Jia. AlkLal ^.jjj|;jjil jjSjj J^«-4 Lai . W <1«J] 4-.ua (^l&k 19.17 + 0.26ppm 
11.692 ± 0.2ppm jL_£ j-^ fl-jlji-^ S-i>^ dD-** * aLiaJj 12.654 ±02ppm jL_£a 
u^mI\ sjj-iS OH 4 aJalaJJj 13.038 ± 0.2 l/?/?m jL£ AjxLill jLkaj Ci _J^.<JI 6 jj.i£ ^.jaLaJj 
• 16.236 ±0.23ppm jL£ ^Ujj^ 4Ja=^ 4iku ^Jj 16.482 ±0.23/?/?m jL£ £^JJP* <^=^j 

4ac.Lt liVI ^ jilkSI u SI ^j «j ^J II aj JJJ;jJI j j£jj jl JjJ aJI jJ JJ I a£ 

^JULa j_* <-jjjV AjcU-^^I 4 jikJI j! LaSc 0.775 ± 0.052ppm <^_S1 LjL^ j_£a-aJI ^-i 

jj J Cll ^-j[y U i-^aj-ail 4 ilXa (- S jW^ ""J (J-"J ^' J LS S l'Ti<\ nil 

.(1997 i^-s^O (02-1.2) ppm 

Clil m \l j»a ^Iti'ull Lal£ 4jt_ill i—aLJal (Jjlaj Ajjsj (_j-^S CiaJaj ml ^1\ <LuL\ll AjJ&iSI Lai 

lllAftV-l ^jull AjJjJall jl .Cllljjill AijuLa k—iLJaVI <Jia«aj SjLsjJI <JLc ajJJLajaJI t '» ujl£ ahVl mb 
j-a <J*jlajl LalS 4jt_iil k_ibual AjjlLa (_jic- Cll.Vn ml LllLnxJI ^jj U pj^bi^ J^lP JJ - ,i ^ CS^ 

ajajjj)jj]| SjJJ (jl J^-^L JJ-i^ll (j-aj . 65 /?/?m j^J-^l *baji*-« ^Jjoiball ^J*^^ ' ^J" £"<• CllbjaJI 
AajUJI ajjjil (AiUalL ^1) ^jaIL AiLLka Cajl£ 1765 feVAiLUI lie. CjLu«JI £X*a. jc AajUJI 
^2lj 4jjaiLill 4 nt II ,-i U pj^bj^ *_JjJJl ' " ^"' AaLuiaSI L-jLuia. <_pbk jj-aj .AjjoiLill AjjxJI jc 

•2615 feV<3LUI ije. Th 232 fJiL ^l 380j 637 ^jLou Lpl 

(jj_JJj L-a£ Clll IjJt IS Th ajjjjjllj U aj-prjjjll ajjJ <^,1 i n ?r_jJajj (3-5) UJ 1 ! ajl 

i_XjoiUjj ajaJrjjjll ajj^JI '"'■*■"' 4^,lm«\ll (jl Laic aojjjjll ,_3I aaaJrjjJl AjjoUj Lja2 ajoJrjjJl j^_A 

cjjl£j 4-aja JSI jAj 9.74± 1.41 ppm fjx>\jjjl\ jj^jj jjl£ D ajj*JI ^ia .cjLu*JI ^i s3AP j-« 

20 ± 2.02 ^m Ljj2 ^.jajljjjll jj^jj jl£a W <Ja*JI Lai . 48 l$.miu 4jj*ll Sjjill Cjaj <a.Laba]l 
4 j m'i (jl j£UL jJ^jaJI j-aj .98 l(S uijj 4 ljj>-ll ajjUl Cl aJ 4^,l,.m«\\l ClljlSj <-ajS i^j-Sd J-&J 

6 1a jl Jj^JI t> -kuOU Laiu(U 238 / Th 232 = 0.52) ^ja^j a.»ui ^ ^j^iSI ^1 ^b^ 1 

La-a «LyujJaSI AjjguSI j-a ^gjc I jAj (0.67-1.25) jJJ Clii.j]jj CllLuxJI <_J£J a^Lj CJj^Jal ^3 4jjguSI 

o ^ o o o o 

t— luJaLaJI ajjjjjjjll <_sj|ia jl ^j jajiu La-a AjaUfLSI U / Th 4,;m'n J^Lkj ii3L>A jl ^jic (JjJ 
CJ^£I ^3j 1 1991 AJjuj AjjLMI gjlaJI t_Jj^. ^i 4j/\m*,tl uJl^A^/lj CjlOstJI < L afl ^i CuOaJuoil ^3 

(_3|^*JI <-JjJA j-a <xiaxa (_^JaLLa 1 " lLa uj ^Jlll Aajl^aJI CllLwaja^all 
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uiauJUa-iLi-Ui 



juolaJIJa^ll 










4^1uia3! 


AaLula]) 




U 238 /Th 232 


fj^kfc^ jfifi 


Sjj^I diA-J 


ijjll) CJA-i 


4Jj*M >j 




C u (ppm) 


Th 232 


u 238 




1.14 


18.97 ±1.96 


81 


93 


A 


0.88 


12.04 ±1.56 


67 


59 


B 


0.80 


14.64 ±1.72 


90 


72 


C 


0.67 


9.790 ±1.41 


71 


48 


D 


0.85 


14.28 ±1.70 


82 


70 


E 


0.83 


13.67 ±1.67 


80 


67 


F 


0.95 


11.83 ±1.55 


61 


58 


G 


1.26 


12.85 ±1.61 


50 


63 


H 


1.05 


12.65 ±1.60 


59 


62 


I 


1.18 


14.28 ±1.70 


59 


70 


J 


1.03 


12.24 ±1.58 


58 


60 


K 


0.89 


15.30 ±1.76 


84 


75 


L 


0.83 


11.63 ±1.54 


68 


57 


M 


1.24 


14.48 ±1.71 


57 


71 


N 


1.05 


15.51 ±1.77 


72 


76 


O 


0.88 


16.12 ±1.81 


89 


79 


P 


1.22 


19.79 ±2.00 


79 


97 


Q 


1.46 


19.38 ±1.98 


65 


95 


R 


1.43 


16.12 ±1.81 


55 


79 


S 


0.98 


15.90 ±1.80 


79 


78 


T 


1.00 


14.48 ±1.71 


71 


71 


U 


1.15 


12.44 ±1.59 


53 


61 


V 


1.25 


20.00 ±2.02 


78 


98 


W 


1.20 


19.38 ±1.98 


79 


95 


X 


1.41 


18.16 ±1.92 


63 


89 


Y 


0.52 


1.020 ±0.32 


19 


10 


Z 
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uiauJUa-iLi-Ui 



juolaJIJa^ll 



jj'j'»'" yil t$J& Jj^aaJI ^j ^1 gJlUll AJjlla ^Jaj (4-5) Jj^aJI 



C u (ppm) j»JJJW JAH 


C u (ppm) fJJJkfc^ JAH 


>J 


HPGe ti^li ^uiL 


CR-39 LJ£\s. h£h 




18.97 + 1.96 


17.49 + 0.25 


A 


12.04+1.56 


11.18 + 0.20 


B 


14.64+1.72 


13.28 + 0.21 


C 


9.790+1.41 


8.170 + 0.17 


D 


14.28 + 1.70 


13.15 + 0.21 


E 


13.67 + 1.67 


12.39 + 0.21 


F 


11.83 + 1.55 


10.09 + 0.19 


G 


12.85+1.61 


11.39 + 0.20 


H 


12.65+1.60 


11.07 + 0.20 


I 


14.28 + 1.70 


13.52 + 0.22 


J 


12.24+1.58 


11.46 + 0.19 


K 


15.30+1.76 


14.48 + 0.22 


L 


11.63 + 1.54 


10.44 + 0.19 


M 


14.48 + 1.71 


13.96 + 0.22 


N 


15.51 + 1.77 


14.85 + 0.23 


O 


16.12+1.81 


15.05 + 0.23 


P 


19.79 + 2.00 


18.64 + 0.25 


Q 


19.38+1.98 


18.49 + 0.25 


R 


16.12+1.81 


15.32 + 0.23 


S 


15.90+1.80 


14.91 + 0.23 


T 


14.48+1.71 


13.75 + 0.22 


U 


12.44+1.59 


12.00 + 0.20 


V 


20.00 + 2.02 


19.17 + 0.26 


W 


19.38+1.98 


18.91 + 0.25 


X 


18.16+1.92 


17.35 + 0.24 


Y 


1.020 + 0.32 


0.775 + 0.05 


Z 
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d&jUJUfrituH ^^^^^^^^^^^^^^^^^=^^^^^^^^^^^^^^^^^= juoUirjaill 



LS~ 



—xjflall .laJl (jfr ajajjjijjll jj£]jj ,-3 &^*-jJ ^J-^J (j^|>*^'j 4JJu>Vl llW-^H^' (J- 4 ■ i ^ J -' U-^ (j- 4 

aj-jjjjjjjll ^jjUi.^ allVi mV 4 aJJU (jj^jul ,_2 Lj-joi 4_jia3lj 4j^> i^ll pLJaj^/l ^l^jj jl aJJjUaII 
(Jl ja>V Sjl ^all 4 ^1)^^ LS^ "L9 ^ ul j' A* 4.5 c5jl u4j ^ji ^aill 6j «fc jl ij i_l Jalall 

JjA^Ju 4a 1 'r-ijA IgJli jJJuaJaJLU^aJ) jj\j'n*i») j^s Igjlr. (J^xaJl aJ ,-111 rtJUill 4jjl£u Lai 

tjilp ^311 pUaiSfl ^Jj ci>J u 1 l£^ tW«l' UC&LkVI jlj ^J^ M tr 1 ) J^ 2 gr^J ( 4 " 5 ) 

,-JI aj-iJrijjll 4 j ni'i iil3.l£j aj-ijljjjll j_£jjj jl .Jl SjLuiVl (j-a AjV L-allkj .4_ijj^aall CliLjaiuill 
.O^AC-I ,-i U\a*JjJu aj /jjllj 4ijJ*-«UI 4a*Ollall l—Uulllj ajill jfr ?uJalj (jfLij t aJJAl ^3 ajJJjlill 
1 ftjajl (1-5) J^l J^ Jj tA^ltill JHwVl yi £^aj* WLkj aJ yjll Cjlu*JI t ajL (jl 
^joiUJI 4_a*JI (jfc gjlill t aJaJI ^ajJ (2-5) JaJidlj j fta <vti Ji.b AjcUJ^I 4_jalaJ] OjUJI 

(4- Jlill U U 238 ^bj^ 3 jA* ^ ^ c5i^ cs^b W <L«tJ1 Uuk (3-5) Jifill j^j 

t LjJa J^i (6-5) JSumJI Lai S 4.h*\\ > iula £-^JJ (5-5) JiLmJIj Q AJJ»]I ( aJa ^ajjS 5) 
(_gj m'lr. Cllljji J_>g-±a 4 \). 1< ^ (J^-"VI J±^J La^ . Aae 1*_ij^ I 4_jiiaJ| t LJa JL-a jjlJi-a W 4 iwJI 

2_a^ ^i Jlpll ^ 1462 fey j 662 fey cAiUJI ^it K 40 ^j^tijJIj Cs 137 f jd3^JI 

.^juojj^aII (jLljuJI ^i 5acUJi , )/l AjalaJI (^31 ^j*j ^Ij dibj*3l 
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4^UJI»£iLii]l 



juoUJIJudJI 



Back Ground 



iSP 



tf* 



<* 



\^> 



0) 



o ^ 

o 



4> 



& 



<p 



U-238 = 1.02 ppm 
1.06 KeV / Channel 




\* <$> & & & ^ ^ ^ ^ ^ ^ ^ %t pf> 

No. Channel 

Jib AaclauiVI JjiWW 42U11 Ul£ Ajul) tiJa ^ajj (1-5) <j£ill 
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2&JlljJU»it3J1 



jnoUllJailll 



Standard source 







U-238 = 65 ppm 

1.07 

KeV/ Channel 



U-238 
1765 
keV 




Th-232 
2615 
keV 



Th-232 
2104 

keV U-238 
2205 
keV 



tf ° J* *&* VBr* 4& tfP #P 
No. Channel 



XpJflS 4-Ludl (f. ^jUil LIS kuil LiJa ^Jajj (2-5) JiAll 
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4^UJI»£iLii]l 



juoUJIJudJI 



JSP 



«* 



v# 



\tf> 



(0 



O ^ 



^ 



^ 



tf> 



Sample.W 



K-40 
1462 
KeV 



U-238 
U-238 1379 
1121 keV 
keV 



U-238 = 20 ppm 
1.07 KeV /Channel 



U-238 
1765 
keV 



4 




Th-232 
2104 
keV 



Th-232 
U-238 2615 
2205 k eV 

keV 



iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiii 



i (UiA£lkkkn iti..i i iii l 



\* & <jS> ^ & ^ jfi ^ ^ ^ ^ ^ 

No. Channel 

W 4jj*!l Hbdl Ul£ XxAS duJa £Jajj (3-5) Jl^l 
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4^UJI»£iLii]l 



juoUJIJudJI 



Sample.Q 



U-238 = 19.79 ppm 
1.06 keV/ Channel 



tfP 



«* 



<& 



<t> 



c 

5 <* 



1* 



& 



<P 




\* *P ^ # Q^ <tf* ^ ^ <l^ ^ rf/P e#P 

No.of channel 

Q 4Jj*!J JiUJI LIS 4ju2,I JuJa £Jajj (4-5) JiAll 
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4^UJI»£iLii]l 



juobJI J^jJI 



Sample.S 



K-40 
1462 

kev 



U-238 = 16.12 ppm 
1.06 KeV / Channel 




\Q *& tfP ftpP eJcP ^ Q qjZP ^ ^ N ^ N ^P ^ #& ^ ^ ^ ^ ^ 

No.Channel 
S 4i*M 42UI1 Ul£ 4x£t LiJa 2uijj (5-5) JiAll 
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4^UJI»£iLii]l 



juoUJIJudJI 



^ 



n o 



<b* 



<b* 



0) 



o 



& 



& 



\* 



Sample.W + Back Ground 



K-40 

1462 Sample .W, U-238 = 20 ppm 

Kev Back Ground, U-238 = 1.02 ppm 




► 

► 



tfP <& ^ #& <jp jF <& ^ jp ^ jfp 

No.of Channel 

^jcbuiVI J\k\\\\ Ul£ AxAS LiJa £* W 3ij*I! US AjiA\ duL ^uijj (6-5) Jiill 
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^ "J. ^-^Jl (j-C- *^l|>-a jjoiC (J^-stAj diLjjxJI Q^a ?pjLill jjj^l^JI j_j£|j|j p lijjl • 1 

jaj ^jl^ <_^a ^1 J.^ <JalUI iLcjaJI SjLjj ^Jl ^1 L^ (200-800) flg.m 3 ^JLJI 
.(2-20) mSv/yr^UI 4j cja ^I gr*^l iaJI t> Jcl jAj (53-123) mSv/yr 

<_-jle iJSJju (_$iilj 4 jtjjhII ^j^jaJI (jx- Clij^a j_iifc J^jtAJ Clil mil ^^2 a,j_pj^]| JJ^jjJ f- UjjI .2 
(j a til *-j[y (_5 jilj (J^jJ 51 J j2 dll i«JI ^ S i_l Jalall aj JJJjjJjSI j -£[y (jl -3 

t> j^L (0.2-1.2)ppm 4jcU^V1 *jikil ^unkll ^aJI t> ^Jtl ^ (20ppm ^Jj 8ppm) 

. Ajfll^JI AlJI <___!) JaJ .i LfrLuij Ijjlj jl Jl jjJLj la-a lujiJ aj* (20) 

j; '^>» Ji.b 4jtnK1l 4-uonll <> sjLjj cj^Jil as cjli^l ^J (U 238 / Th 232 ) ^u-J j! .4 
■ i.nniill ?j£\jj^\ Jc- <diU ujjlia f l^kiJ Jl j^ Ua U 238 / Th 232 = 0.52 U1L1I 

Lg-al^kioil 4jj\fLaj Cl^Sl <Jjl£La «jIjJ tluacl jJlj 4jaijj.lll oi& J tLaCaJuJ C&r^ L).T'," (j' *5 
. a-ll=>. eelifLj Ajlnil tllLoijj^ll fjkj 4\/u>\\\ j&[yl\ Cllj (flJA A,r, *i <\ll jj^alixJI (jfc l iuui£jl J 

jjLUoK 4_*£U1I ujjjJ^I l^ja jSjjj V ^jII JjLLLail ^i L.I ^UjjuJI cjLoLill ^ CR-39 

■ AJJaLa QjSj CR-39 lSJJ^ J^' i-k£\£. <u<u jli 4ajL^£]| SjJsJI IgjS j2jjj V jllj Ajjlill 

aj ^ia 1991 aAjoi a_aj\!iSI ?m laJI l h>^ cs-^- - l>i>^' Cy* -^^ Cy* j-^ 1 jjj^ (J- 4 ?^o^ ls-^ *6 

. ajJJrjjjll Jj_aJall (-kt r-i'\\\ j-aaJu 4Jajjj-a 4L_ala ajjoii J «\"l i aj <-_a_ajoi ^-CUai^/l Clljllll (jl ^Jj 

^■jjij .-.UKr, ,„yi j^ (4) ^iiJI ^J ^U. U£ 1991 <i^ ^i i. L^aSJJ CAjJajau ^jJI Aj^joaJI 

. 4a2_a=JI ftlxall jc l^aaJj 4 n^mll ^^la^^l lF- l-iwtJ JJ^« ^ \&^ ^lj *^)J aLjaII 

(-—3 4_aJI_axaJI e_jj_Ulj CliLjuillj 4_ja_4aJI sLxailj (jK mil j a- utj 4 ajjj 4_jjj^ Clil_jaijj^ s|>-^l -2 
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j4l ajl : juoUJI Jailll 



ijitll j-iLaJ I 



. (_Jj^a^aJl 
(_3|>*JI XiJa "La.Wi nmti 4jfcU_ilVI 4 a L nV I Cll^yjLjj .-» >^> c(2001) ~l fl^> fl l_iLAj1I XiC t(_gjjjtaj| 

.141-123 o^ l4juU\ <iJI c(25) .u*ll 4)1*^11 r t <L^ c^^l ub^ 1 J^- 
4JUuj c^Lill j-4 3 alia a p-ljjl ^ Rn 222 (jjj|>JI 3^1>J -ij-^j t(1999) .i-a^J ojLa 'csjj-f?^ 

a jUrtll pjjjll j-4 Ailikx pljjl ^i Rn 222 £u4>3l j£\y W*Z '(1999) <,!• J ■ <a& t^jljj^JI 

. Jj^aj-ail <x-aL> CajixJI 4jK t j"n i aa La <ULuij c4 jn">Vlj 

A (JjLjLaC ^-5lj-a (j-a A_JJjl ^g-S i -1 i^Vlrtti aj_lSr)jj]| (jX- i—LiSJI '(1996) ~l rt't rt L>"|>^ t (j, I) *"> " 
.^ajxl\ <x-aL> tajladl AjK t jj") ni-^La <1Luj tCR-39 I— 4jj1£ al^aluiLl (ilj^* - *^ 

^hVi.-L JL-jUIj 4_iulJI (jLLuoVl ^i Ra 226 ^4)11 jj£|jj aj^u <(2000) ^LAa Lj <^L*]| 

.(Jj^aj-all 4jt-aL> CajlxJI 4jK t jj"i i aa La <ULuij cCR-39<— SuilS 
4_jK tju..i->La <1Loj cCR-39 cSjJ^I JpVI <-ku£l£ (>ajlwaa AjJp c(1990) AjJC Xaa^a c^J*£il 

.4 aj-a 3 jj| 4ujl uuj A a$-a i_s iJalill aj—ljjjijjll j C (_a £&1) t(2003) pJal £ c^-il-i—Lill 

. Email: mukdadi @ hotmail.com 

f.Lilll ^lj-a (J^JJU (—3 Aiix-Jail Ajjjill <*_iJi V I (jX- ( '< i^ti t(1997) ^J* ' tj-"ia. \it.ih c^^uxjll 

.(27) J^JI CjJ*Jlj <JJJjil <l=^a c<JI^JI 
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*»l noil ^^^^^^^^^^^^^^^^^=^^^^^^^^^^^^^^^^^= jaolaJIJa^ll 

i (9) .^Urtli t 4 jonllj Sjill 4ki cjLou^lj 44JI (j-Sc- tw^^j uj4>^ '(1999) u>-"^ ^jtojjJI 

. 41-38 o~. 3 .is*ll 

.S^ajJI 4jt»«la> <x_iL* cAjcUJo^I »U<<uSJI c(1983) yJjutaJI ^jc- ^gic- c^jxjoi 

C^Jiiullj 2r-.1 111 i . u£j| jb c(^=kjl<i) ^JJjJ^ *U)^ LS* ^-^ '(1982) ftJjSJ' >iJC aj^alc ( jj jc 



LJol£ aljaj nib (jlliaiVI (jjalxx (j-a -S-iC- ^ji ajjjjjjjil JJ^[>J ■^■^J '(2002) ,*ilj S-liA C(_£jj^5C- 

• <_}j^aj^ul <*-«Li.C ajlxll 4alS t Jjlm^ba <lUuJ tCR-39 

^j-lfc L-ijl n«\\l ^Lj^SJI (Jl ■> ft\\ a\Jlt jjjLjj ^gjl j fij^jjg-SJI Ja_jiall c(1999) jsjl-ui /»j mj t j_aC 

5JU-J ilill CjU ,^1 CR-39 ^<y -N;» ^j>iil jJ&1 a_it£l 3-iUJI 4jUj ...Vl 



. iS^ajA) 4ji^U. t jjiiilj AjulLll t_ij£]| jb ijjjbJJI s-U- 4 ^ '(1993) jjjc- ^>£l < 



*u^» ft 



<JLaJI Cllb (SjJ-Jjl JjVI <— S-jjIjS J^iaJ ml t(1995) (^-JC- S-Lij " '" '■»■ A-a^.1 c^jLuLoij J jmj-\ ft 

i4 J<vnllj aj.l\\ aI^h t l^jLol^aJimlj (_£j>i}l j£/U <iL^all <-_iiilj£ll c(1997) (j-<^)ll Ajc jLafc taaj 

.(9) ^la-JI '(3) AJjJI 
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*»l noil ^^^^^^^^^^^^^^^^^=^^^^^^^^^^^^^^^^^= jaolaJIJa^ll 
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ABSTRACT 

Twenty five samples distributed over five locations on the 
south part of Iraq near the unarmed zone between Iraq and Kuwait 
reaching Saudi Arabia have been studied. The investigated locations 
includes North field of Rumela, Safwan Um-Kasir crossing, Kdera Al- 
Uthma, Al-Shamyia airport, the region between Kdera Al-Uthma and 
Khornaj -station and Kornaj -station region. The aim of this study was the 
determination of depleted uranium (DU) concentrations in the samples 
which consist of a mixture of tanks and military equipments remains part 
of depleted uranium missiles and accumulated soils on the military 
equipments and around it. 

The CR-39 and the HPGe techniques have been used . The 
obtained results reveal the existence of an increment in the concentrations 
of the DU ranged between (8.36-20) ppm over the natural concentration 
limit (0.2-1.2) ppm. 

This can be attributed to the use of missiles contain (DU) 
penetrating projectiles. The measurements by the two techniques reveal 
also that their results were in good agreement which indicates the 
possibility of using these techniques in the detection of radioactive trace 
elements. 
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